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NOTATION

The following is a list of the acronyms, initialisms, and abbreviations {(including units of
measure) used in this document. Some acronyms used in tables or equations only are defined in the
respective tables or equations.

ACRONYMS, INITIALISMS, AND ABBREVIATIONS

General

ADD

AWQC
'BRA

CERCLA

COEC
COPC
DCF
DOE
EE()
EPA
FsS
IAEA
iCRF
LCsy
LOAEL
NOAEL
NCRP
NPL
QROU
RIC
RED
RI
REOD
UCL
VPe

Compounds

CaCo,
DNT

24-DNT
2.6-DNT

applied daily dose

ambient water quality criteria

Baseline Risk Assessment

Coinprehensive Environmental Response, Compensation, and Liability
Act of 1980, as amended

contaminant of ecological concen

conlaminant of potential concem (for human health)

dose conversion factor

U.S. Department of Energy

ecological effects quotient

U.S. Environmental Protection Agency

feasibility study

Intemational Atomic Energy Agency

Internaticnal Commission on Radiological Protection

median concentration lethal to 50% of the population

lowesi-observed-adverse-effect level

no-observed-adverse-effect level

National Council on Radiation Protection and Measuremenis

National Priorities List

quarty residuals operabiz unit

reference concentration

reference dose

remedial investigation

Record of Decision

93% wuprer confidence limit of the arithmetic average

WVicinity Property ©

calcium carbonate
dinitroraluene

2.4-dinitratoluene
2.6-dinitrowoluens

it




FAH polyeyclic aromatic hydrocarbon

PCRB polychlorinated biphenyl

SVacC semivolatile organic compound

1,3,5-TNB L.3,5-trinitrobenzene

TNT trinitrotoluene

246 TNT 2.4 6-trinitrotoluene

VOC velatile organic compound

UNITS OF MEASURFE

crl Celimeters m meter{s)

cm” square centimeter(s} m’ tubic meter(s)
em?  cubic centimeter(s) mg milligram(s)

d day(s) S min  minnte(s)

dL deciliter(s) mL milliliter(s}

fi foot {feer) mR  milliroentgen(s}
g Eramfs} mrem  nillirem(s)

i hour{s) pCi picocurie(s)

ha hectarefs) ppb part(s) per billion
kg kilogram(s) ppm  pan(s) per million
L Hiter{s) rad radiation absorbed dose(s)
Mz IMCTOgrain(s) 5 second(s)

L microrneter(s) Wi weight

LR nucroenigenys) yr year(s)




ENGLISH/METRIC AND METRIC/ENGLISH EQUIVALENTS

The following table lists the appropriate equivalents for English and metric units.

Multiply By To Obtain
EnglishiMetric Equivalents
ACTCS 04047 hectares (ha)
cubic foet (E'l3]| 002832 cubic meters {rn!'}
cubic yards (yid's 075460 cubic meters {mﬂ-}
degrees Fahrenheit (°F) -32 0.5555 degrees Celsius (*C)
feet {f1) 03048 melers (m)
gallons {gal) 3783 livers (L)
gallons {gal) 0.00378S cubic meters (rn3)
inches (i) 2.540 centimelers (o}
miles (mi) 1600 kilometers (km)
pounds (fh 04536 kilograms (kg)
short tons (tons) a2 kilograms (kg)
short (gns (ons) 0.5072 meiric tons (1)
sguare feet {ftz} 0.08290 SUArS rHelers {mz}
sruare yards |[3,rL{2 3 0.8361 SQUATE Meters {mz)
square mikes (mi:J 2,300 square kilometers {kmzj
yards (vd} 0.9344 mekrs [m)
Metric/English Equivalents
centimerers (Cm) 0.3937 inches {in.}
cubic meters {mg} 35.31 cabic lect (!'13}
cubic meters {mf} .30 cubic yards (vd")
cubic meters {m"} 264.2 gailons [gal)
degrees Celsius (FC) +17.78 1.8 degrees Fahrenheit {°F)
hectares (ha) 2471 acres
kiloprams (kg 2. 205 pounds (1h)
kilograms {kg) GO01102 short 1ons (tons)
Eilormeters {km) 06214 miles {mi)
liters (L) 0.2642 gallons {gal}
melers {m 3.281 feet (i}
metets (M 1.004 vards {yd}
metric tons (1) 102 short tons (tons}
square kilometers {km*) 0.3261 square miles {mi’)
square meters {mz} 1074 square fect (I‘tz}
square meters {m>) [.196 square yards {yd%)
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1 INTRODUCTION

The U.S. Deparmment of Energy (DOE} is conducting cleanup activities at the Weldon
Spring site, located in $:. Charles County, Missouri. about 48 km (30 mi) west of St. Louis, Cleanup
of the site consists of several integrated components. The quarry residuals operable unit (QROU)
consists of the Weldon Spring quarry and its surrounding area (Figure 1.1) and is one of four
operable units being evalvated, In accordance with requirements of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), as amended, DOE is
conducting a remedial investi gation/feasibility study (RIFS) to determine the proper response to
address various contaminated media thar consutute the QROU. Specificaily, the operable unit
consists of the following arzas and media: the residual material remaining at the Weldon Spring
quarry after removal of the pond water and the bulk waste; groundwater underlying the quarry and
surrounding area; and other media locared in the surrounding vieinity of the quarry, including surface
water and sediment at Fermme Osage Slough, Little Fernme Osage Creek, and Femme Osage Creek.

An ini*ial evaluation of conditions at the quarTy arza identified remaining data requirements
needed to support the concepeual site exposure and hydrogeological models. These data Tequirernents
are discussed in the RLIFS work plan issued in January 1994 (DOE [994a). Soil contamination
located at a property adiacent to the quarry, referred 1o as Viciniry Property 9 (VP9), was ori ginally
part of the scope of the QROL. as discussed in the wark plan, However, a decision was subsequently
made to remediate this vicinity property as part of eleanup activities for the chemical plant operable
unit. as provided for in the Record of Decision (ROD}. Remediation of VP9 was completed in early
1996 (Valer: 1997, Hepce, tkis baseline risk assessment (BRA) does not address VB9,

1.1 SCOPE OF THE BASELINE RISK ASSESSMENT

This BRA documents the calculations periormed to determine if potential [¥ unacceptable
1isks 1o human health or tre erviroament exist from exposure to contamination present at the quarry
area. Rusk scenarios for ezch area of concem or <XpOosure unit at the quarry area were established in
the work plan, and a recrzational scenario was identified for the entire operable unit. The potential *
for exposure or contact with groundwater at the quarry area is unlikely given current and expected
future land use. For ecological Tesources, the principal exposure scenarios are associated with the
aquatic habitss at Femre Osage Slough and the lowermost reach of Little Fernme Osage Creek.

1.2 OBJECTIVES OF THE BASELINE RISK ASSESSMENT

This BRA provides a combined baseline assessment of potential human health and
ecological imnpacts far the QROLU. The evaluation serves as an estimate of the magnitude of potential
health risks and anvironmeaal impacts that would be associuted with QROU contaminants if o
remedial action were taken. In addition. the risk estimate presented in this BRA would also serve as
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a baseline against which protectiveness of cleanup altematives discussed in upcoming RI/FS reports
couid be compared.
1.3 ORGANIZATION OF THE REPORT

Data utilized in this report have been presented in either the work plan (DOE 1994a) or the
RI report (MK-Ferguson Company and Jacobs Engineering Group 1997). The remainder of this

report is organized as follows:

»  Chaprer 2 — Identification of contaminants of potential concern and a brief
discussion of the associated data;

+ {hapter 3 — Presentation of the exposure assessment, including calculations
" of exposure point concentrations, intakes, and doses;

- Chapter 4 — Brief discussion of the toxicity of the contaminants of concern
and associated toxicity values;

« Chapter 5 — Hurnan health risk characterizathon;
« Chapter 6 — Ecological risk assessment;
+ Chapter 7 — Summary and conclusions; and

» Chapter § — List of references cited.




2 IDENTIFICATION OF CONTAMINANTS OF CONCERN

General backeground information on the QROU. including origin of contarination, is
discussed in the work plan (DOE 1994a); detailed descriptions of data collection efforts and data
summaries are presented in the RI report (MK-Ferguson Company and Jacobs Engineering Group

1997}.

In accordance with the results of evaluations to date, the areas and media that are the focus
of this risk assessment are (1} residual soil contamninaiion at the quarry proper; (2) surface water and
sediment contamination at Femme Osage Slough, Little Fermnme Osagz Creek, and Fermnme Osage
Creek; and (3} groundwater contamuination benesath the quarry and surrounding area. The discussions
in Section 2.1 are prasented according to the specific areas of exposure and the media of concern for
these areas. The data evaluation procedure used in this BRA is discussed in Section 2.2,

2.1 DATA CONSIDERATIONS

Monitenng and characterization samples collected from the various media present at the
quarTy area were analyzed for radiological and chemical parameters. These data were obtained from
November L1987 throngh August 1996, Samples were also collected from what were considered to
be background areas in order to delineate naturally occumring levels of metals. A comparison of
naturatly occurring constituents with hackground levels is provided in the RL A brief summary of
characterization resuits for cach medium is provided in Sections 2.1.1 through 2.1.4,

2.1.1 Quarry Proper

Soil samples were collected in seven areas of the quarry proper. Samples were also
collected from fractures 1n the quarry walls and floers. The primary contaminants in the quarry are
radionuclides, with bigher fevels of contamination in fracturess and depressicns in the quarry flocr.
Radionuclides that wers detected at concentrations above backzround inglude isctopes of radium,
theaum, and uranium. A few metals were also detected at concentrations above background,
incliding afuminum, calcium, magnesium, selenium, silver, and zinc. Nitroaromatic compeounds and
polvchlorinated biphenvls (PCBs) were detected in 1solated areas of the quarry proper, bui
conceniranons were low (2.g., less than 10 ppm). Polveyelic aromatic hydrocarbons (PAHS) were
also detected in some sarnples, at a maximum concentration of .43 ppmy; the source of this
contarnination is considered 10 be surface water runoff from nearby asphalt areas used for equipment
access and lubricants from equipment pperating in the quary.

In addizion to analysis of discrete soil samples, exposure-rate measorernents were taken at
I m {3 ft) above the ground surface with a pressurized ion chamber. Readings were reported from
eight locations in the quurry proper; measurements ranged from 8.3 to 34 uR/h, with an average
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exposure level of 17 uR/h. Monitoring data for radioactive air particulates and radon at the quarry
area have been at background levels.

Surface water guality in the quarry pond has been evaluated to determine residual contami-
nant levels. Three samples were collected and analyzed after September 1996; uraniumn was the only
contaminant measured in the quarry pond. Other constituents were not detected or were detected at
trace levels. Total uranium concentrations ranged from 490 to 340 pCifL.

2.1.2 Femme Osage Slongh

2.1.2.1 Sediment

Anatysis of radiological parameters in sediment samples from Femme Osage Slough
included concentrations of isotopic radium, thorium, and wranium. Chemical parameters included
concentrations of metals. inorganic anions, volatile organic compounds (VOCs), semivolatile
organic cornpounds (SVQCs), PCBs, pesticides, and nitroaromatic compounds.

Of 1he radionuclides. only radivm-228 and uranium-238 were detected at concentrations
slightly elevarad above background levels. Concentrations of several metals and irorganic anions
exceeded backerotnd concentrations — including chloride, fluoride, sulfate, aluminum, beryliium,
cadmium, calcium, chromium, copper, iron. lithium, magnesium, manganese, mercury,
molybdenum, nickel. porassium, selenium, sodium, strontium, and vanadivm. Chemical analyses
also indicated low levels of nitroaromatic compounds, ranging from C.007 te 0.14 ppm. VOCs and
SVOCs were generally below method detection limits for al! sediment samples. A few common

laboratory contaminants were detected at levels below | ppin; the concentrations were within the
ranze allowed for faboratory contamnination {U.S. Environmental Protection Agency [EPA] 1955a).
No pesticides or PCBs were detected 1n any of the samples.

2.1.2.2 Surface VWater

Surface water in Femme Osage Slough has been sampied and analyzed for radium and
thoriom 1sotopes, total uranium. metals, inorgzamic anicns, VOCs, SYOCs, PCBs, pesticides, and
nitroaromatic compounds. Levels of uranium were significanty elevated over background
concentrations: the average concentration detected in the slough was 64 pCyYL. Several metals were
detected above background concentrations — including aluminum, arsenic, chromivm, lead, wron,
manganese, nickel, strontiem, sodiurm, and zinc. Sulfate and nitrate were also elevated over back-
ground concentrations. Nitroaromatic compounds and organics were not detected.




2.1.2.3 Fish

Fish sampling at Femme Osage Slough was conducied from 1987 to 1993, Fish were also
sarnpied from two lakes in the Busch Conservation Area (Lakes 33 and 37) that are not imfluepnced
by site contaminants. The concentrations detected in these lake samples were used as background
levels. Fish were collected annually, depending on the species, size, and number of fish available.
The fish community in Femme Osage Slough is different from that it the Busch lakes because of
the influence of the Missouri River on the stough. The water level in the slough is contrelled by a
pipe with a valve that normally is left open, allowing fish to move between the river and the slough.
As a result, fish species routinely found in big river habitats, such as the Missouri River, are found
in the slough. Species samnpled from the slough included white and black crappie; largemouth bass;
suniish; and botom feeders, including bigmouth buffalo, yellow bullhead, and common carp.

Fillet, fish-scale, and whole-body samples of fish were analyzed for radioactive and
chemmical constituents ~—including uranium, radium, thotium, arsenic, lead, and mercwry. No radivm
or thorium was measured at a level above the respective detection limit in any of the samples. Low
concentrations of uranium and metals were detected.

2.1.3 Femme Osage Creek and Little Femme Osage Creek

2.1.3.1 Sediment

Sediment samples collected from five locations along Little Fernme Osage Creek were
analyzed for isotopic radium. thorium, uranium. other metals, morganic anions, and nitroarematic
compounds. In general. contaminant concentrations were lower in Little Femme Osage Creek
sediments than in the sediments of Fernme Osage Slough. The only exception was antirnony. which
was detected in creek sediments at an average concentration of 17 mg/kg. Anhmmony was not
detected 1a slough sedirnents. The only nitroaromatic compound in the creek sediment was a one-
time detection of 2.4-dinitrotoluene upgradient of the quarry at a concentration of 0.0024 mg/kg,

2.1.3.2 Surface Water

Surface waer samples were collected from six locations in Little Fernme QOsage Creek and
one location in Femme Osage Creek. Radiological and chemical parameters that were analyzed
included concentrations of isotopic radium and thorium, uranivm, metals, inorganic anions, and
nitroaromatic compounds. Contaminant concentrations in creek water were generally lower than the
concentrations in the surface water of Femme Osage Slough, except for nitroaromatic compounds,
Low levels of several nitroaromatic compounds were detected uperadient of the quarTy;
concentrations ranged between 0.011 and 0.067 p:fL




Because levels of radiological and chemical constituents in Little Femnme Osage sediments
and surface water are generally lower than those in slough sediments, the creek was not evaluated
further in this BRA. Risk results for the slough bound the risks for Little Femme QOsage Creek.
Nitroarematic compounds detected in creck surface water were included in the analysis of the
slough.

2.1.4 Groundwater

Groundwater samples have been collected and routinely analyzed from 36 DOE monitering
wells, four St. Charles County monitering wells, and eight $t. Charles County production wells.
Radioactive and chemical constituent analyses included isotopic radium, thorium, and uranium;
metals; inorganic anions; nitroaromatic compounds; VOCs; S$VOCs; PCBs; and pesticides.

" The primary contaminants in groundwater are uranium and nitroaromatic compounds. The
highest uranium concentrations were measured in 2 well along the southern rim of the guarry
(MW-1004) and in a weil in the alluvium north of Femme Osage Slough near VP9 (MW-1008).
Nitroaromatic compounds have been detected at concentrations higher than 1 ppb in six groundwater
wells. The highest concentrations of nitroaromatic compounds — primarily 1.3,5-trinitrobenzene
{1,3.53-TNBJ, 2.4, 6-uinttrotoluene (2.4.6-TNT), 2,4-dinitroteluene (2.4-DNT), and 2.6-dinitrotoluenc
{2,6-DNT} — were along the eastern rim of the quamry (MW-1002) and in the alluvium east-
southeast of the quarry (MW-1006). Contamination has been detected primarily north of Femme
Osage Slough. Urantum concentrations measured within the bedrock north of the quarry and in the
allovium south of the slough are at or slightly above naturally occurring levels. Slightly elevated
levels of wranium have been detected in one well located south of the slough (RMW-2); the
MAXIMuMm concentration detected was 10 pCVL. Data collected since removal of the bulk wasie from
the quarry are similar to the historic data. A sharp increase in concentrations of nitroaromatic
compounds was chserved in some of the quarry rim wells at the beginning of bulk waste removal,
but levels decreased as remediation progressed. The same trend was not observed for uranium.

Measured concentrations of radium and thorium isotopes have generally been at or slighty
above naturally occurning concentrations. Concentrations of several metals and inorganic anions
were above background concentrations — including sulfate, chloride. aluminum, barium, cadminm,
calcium, chromium, cobalt, copper, manganese, mercury, nickel, potassium, sodium. thatlium,
vanadium, and zinc. A few VOCs that are comumon laboratory contaminants were detected, but the
concentrations were within the range allowed for labotatory contamination. Several organic
compounds were detected in a nurnber of wells in the Seplember 1987 sampling round but werns
never detected again in subsequent sampling rounds. These data are suspected to be a result of
laboratory contamination, but it is not possible to verify or validate data collected in 1987 because
of the lack of documentation regarding quality assurance/quality control.

Measured concentrations of radioactive and chemical contaminants in wells at the
St. Charies County well {ield are at background levels.




2.2 DATA EVALUATION

Site characterization data collected to date were evaluated for appropriateness of use in the
risk assessment. The EPA guidelines for data evajuation (EPA 19892) were followed in determining
the contaminants of potential concern for the following media and areas: soil from the quarry proper;
sediment, surface water, and fish tissue from Femme Osage Slough: and groundwater from site
moniioring wells,

In accordance with EPA (1989a) guidance, the following data evaluation steps were applied
to rdentify the contaminants of potential concern for each medium (e.g., soil or groundwater) and
to gather the subset of data for exposure quantificarion:

1. Evalvation of analyrical methods used and consideration of data qualifiers,
results :}f_{:nntrql blank samples, sample quantitation limits, and detection
frequency; . '

[

Evaluation of the significance of atl detected compounds;
3. Companson of potential site-related contamination with background levels:

4. Screening of certain chernicals classitied as essential nutrients on the basis of
their concentration and potential toxicity: and

5. Performance of a concentration/toxicity sereen to limit the number of con-
taminants carried through the risk assessment to those with the most potential
for causing human health risks and/or adverse ecelogical effects.

The first three steps of the data evaluation process apply to both radionuclides and chemicals and
were also performed in the RI as part of the evaluation 1o determine the nature and extent of
contamination. The final two steps apply to chemical contaminants. A conceniration/toxicity screen
was not performed for the human health assessment, so the number of contaminants carried through
the 115K assessment was not limited.

Samples fror all media were analyzed according to EPA methods considered to yield
qualitative and quantitative results suitable for risk assessment purposes. Data qualifiers were used
by the analytical laboratory in reporting the results in order to provide an interpretation of the data
from an analytical standpoint. EPA guidance recommends that a chernica! be eliminated from
consideration as a poiential site contaminant if that chemical is present at a concentration no more
than 10 times the level of a common laboratory contaminant in the associated control blank
sample(s). Several arganic constituents were eliminated from further evaluation because (1) they
wete present in laboratory blanks or (2) they were common laboratory contaminants present at low
leveis. However, chemical concentrations reported as “estimated” due to detection at levels lower
than the contract-required detection limit were included in data analyses.




For each area and medium evaluated, parameters with a detection frequency of zero were
eliminated from further consideration as potential site contaminants. Then. concentrations of
remaining parameters were compared with media-specific background levels of naturally OCCUITING
constituents.

Statistical comparisons were performed to jdentify naturally occurring constitients present
at the QROU at concentrations greater than background. A more detailed discussion on background
comparisons is provided in the RE{MK-Ferguson Company and Jacobs Engineering Group 1997).
The constituents that were determined to be present at levels greater than background were then
subjected to the remaining steps of the screening process to identify contaminants of potential
concern (COPCs) for human health or contaminants of ecological concern (COECS), as discussed
below. '

2.2.1 Human Health Contaniinants of Potential Concern

The next step in the screening was to identify the human health COPCs. The following
substances were eliminated from consideration because they are essential human nutrients or
constituents of low toxicity: calcium, chloride, fluoride, iron, magnesium, potassium, and sodinm,

Lithium, sulfate, and bromide were screened from consideration as COPCs on the basis of
their low toxicity. widespread presence in the natural environment. and low to moderate sie
cancentrations. Lithium Is present in the daily human diet at 2 level of about 2 mg (Venugopal and
Luckey 1978) and is safely used as a psychiatric drug at concentrations of approximately 1 g/d.
Sulfate exhibits low toxicity in hiumans but has been shown to have laxative effects at water concen-
(rations of 630 mg/L or greater (Chien et al. 1968). On the basis of this information, it was concluded
that levels of these substances in site media are considerably lower than those that would lead to
adverse health effects in humans. '

The EPA has not vet issued quantitative toxicity values for aluminum, cobalt, or lead. These
substances were retained as COPCs so their potential texic effects could be considered further.

The data evaluation process for radionuclides resulted in the identification of radium-226,
radium-228, thorium-228, thorum-230. thorium-232, and uranium-238 as COPCs for soils from the
quarry proper. For the other media (i.e., Fernme Osage Slough surface water and sediment, and
groundwater), only uranium was idents ficd as a COPC. Other radionuclides were screened from
consideration because they are present at near-background concentrations. Tabie 2.1 provides a final
list of hurnan health COPCs for the QRO
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TABLE 2.1 Final List of Human Health Contaminants of Potential
Cﬂnc_l:rn for the QROU*

Cuarmy Proper Femme Dsage Slough
o1l and Quarry

Conlaminant Fractures Surface Water Sediment  Groundwater

Rodienuchdes
Radium-2264
Radium-228
Thorium-228
Thorium-230
Tharium-232
Uranium

+ 4+ + 4+ o+ +
[
[
[

Metals
Aluminum ’ o + + + +
Anumony - - + -
Arsenic - - - -
Barium - -
Beryllium - -
Crdmium - -
Chromiwm - +
Cobalt - -
Copper -. -
Lead -
Manganese -
Meroury - -
Molybdenum -
Nicked -
Selenium + -
Silver +
Strontiem -
Thallium - -
Uranium +
Yanadiom — —
£ing ] + +

I+ + + |
P+

+ o+ + +

+

+ +

+
+

+ + [
L+ 1+ + + 4+
Lo [

+
+ +
+ o+ + +

Organic compeinds
1.3,5-TNB
1.3-DNB
246-TNT
24 DNT
2.6-DNT
Mitrobenzene
PCBs
FAHs

+

+ + + + %

+F o+ o+ + o+ o+
+ + +
+ 4+ + + +*
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2.2.2 Contaminants of Ecological Concern

The screening process for COECs involved comparing measured media cencentrations to
background concentrations and ecological regulatery standards or screening values. Background
valves nsed in this screening process were the surface water and sediment concentrations reported
for Femme Osage Creek above its confluence with Little Femme Osage Creek. Regulatory and
screening values used in the process included the EPA (1986) ambient water quality ctiteria
(AWQC), EPA (1996 ecotox threshold values, state of Missouri water quality standards (Missouri
Department of Natural Resources 1992, and data from the scientific literature, including U.S. Fish
and Wildlife Service toxicity profiles (e.g., Eisler 1988). Tables 2.2 and 2.3 present the screening
cesults for surface water and sediments, vespectively. The final list of contaminants of ecological
concern is presented in Table 2.4,

Potential surface water contaminants eliminated from inclusion as COECs included coppert,
nickel, and selenitm (maximum reported concentrations were less than the screening and
background levels); flnoride, nitrate, arsenic, mercary, zinc, and several nitroaromatic compounds
(maximum reported concentrations were less than the screening levels); and antimony, magnesium,
and thallium (maximum concentrations were below background levels).

Sediment-related contaminants eliminated as COECs included chromium and copper
(rmaximum concentrations were less than the screening levels) and thallium {maximum concentration
was less than the background level). No screening values were available for three nitroaromatic
compounds (2,4-DNT. 2 6-DNT. and nitrobenzene), and. thus, these compounds were retained as
sediment COECs {Table 2.4).
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TABLE 2.2 Screening Evaluation of Surface Water for (he Identification
of Contaminants of Ecological Concern®

Retain
Maximurm Background Screening as
Conganlinant Conceatration® Concentration®  Concentration” COEC
Metals fug/L}
Aluminum T 000 20 87 Yes
Antimony 33 33 NA No
Arscnic BT <30 [ 15+ I Mo
Bariunt 340 o7 4.0 Yeu
Calcium 150,000 2000 120,000 Yes
Cadmium i.5 <30 24 Na
Chromium 5T < 4.0 Tl Yes
Copper i A 1 17 27 No
Trom e T TEIC 1,300 1.0 Yes
Lead 12 < 2.0 11 Yes
Magnesium 18,000 16,000 82,000 Mo
Muanpanese 1.300 370 120.0 Yes
hercury ag.10 < (L10 1.3 No
Mickel 16 < 16 350 Na
Protassiom 6,100 3,100 53000 Na
Selenium b g < 5.0 5.0 Wa
Silver 13 ND) 21 Mo
Sodium [ERLLI] &,600 GR0,300 s}
Thaklium a4 = 5.0 12 Mo
TTranium, total 6,000 4.3 2.6 YWes
Y anadilim 23 14 20 Yes
Zing a5 13 230 Mo
frorganic arigns (mgfl)
Chlodde 22 43 Tt Yes
Flacride 0.60 0.20 15 Mo
witrate b9y 0.70 90 Mo
Sulfate 250 21 NA Yes
Nitroaromuotic compounds (ug/L)
1.3,5-TNE .04 NA 1, 000° No
24.6.TNT (067 NA 2.800° No
24-DNT 0037 . Na 30° No
2.6-BNT 0.026 Na 230° No

NaA = not available; ND = not detected.
baximum concentration of site-velated contaminants from data collecied since 1987.

Raskeround concentrations are these reported for Femme Osape Creek (MK-Ferpuson
Company and Tacobs Ensincering Group 1957,

See Table 6.2 for source of sereening values.

® From Talmadge and Opresko (1596).
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TABLE 2.3 Screening Evaluation of Sediment for the Identification
of Contaminants of Ecological Concern®

Maximum Background Screening Retan
Concentration® Concentration® Concentration® as
Contaminant {mgkg} (mgfkg)} (mgkez} COEC
Meials
Alumninum 20,080 13,800 NA Yes
Anumaony 36 ND 20 Yes
Arsenic 22 6.2 8.2 Yes
Bartum 50 150 NA Yas
Cadmium 4.2 D 1.2 Yes
Calcium 69,000 3,240 NA Yy
Chromium C . a0 : 16 2l No
Copper - 30 14 H No
Iron 28, 000 17, 0HHD NA Yes
Lead EL; 15 47 Yes
Magnesium 5400 2,700 Na Yeas
Manganese 1,130 g10 460 Yas
Muercury (.99 010 0.15 Yes
Maolybdenum 10 I NA Yes
trickel 2R 21 21 Yes
Potassium 3400 1,400 Na Yes
Selenium 27 0,99 NA Yes
Sodiumn 250 130 NA Yes
Thallium 22 3.2 WNa No
Uranium, total L4 55 NA Yes
YWanadium 44 31 MNA Yes
£ing 180 60 150) Yeg
Inorganic anivns
Chloride By 24 NAa Yes
Fluoride 6.7 4.6 MNA Yes
Meitrate .55 0.64 Na No
Sulfats 640 .29 NA Yok
Nitroaramatic compounds
1.3.5-TNB 0.4 o 0.30 Nao
1.3.DNE .01 o* 1.20 Na
246-TNT 0.0 ot 13.0 No
2.4-DNT na1 i WNa Yos
2.6-DNT 0.02 a° Na Yes
Nitrabensene HAH] ot NA You

NA = not available; ND = not detected,
Maximuem cancentration of silc-related contamirants from data cilliacted since TOE7.

Back ground concentrations are those reperted for Fernme Osage Creek (MK-Fzrguson Company
and Jacobs Engincering Group 1997}

Sce Table 6.2 for source of screening values.

Background conceatrations of anthropogente nitroaromatic compounds considered o be zero,
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TABLE 2.4 Final List of Contaminants
of Ecological Concern for the QROL™

Cantaminant Surface Water Sediment
Metals
Aluminum + +
Anumony - +
Arzenic - +
Barium + *
Cadmium - +
Calcium + +
Chromium - -
Iron + +
Ll;:adl + +
Muagnesium - +
Manganese + +
Mercury - +
Molvbdenum - -
Nickel - +
Potassium - +
Selemum - +
Sodium - -
Uranium, total + +
Yanadium + +
Zinc - +

Inoreonic anians

Chioride + "

Fluognde - -
Mitrate — _
Sulrate - +

Nitroarsmatic compounds

1ADNT - =
16.DNT - +—
Mitcobenzene - i

(13

The designaton +/— indicates that the contaminant
has been retained as a COEC because no background
ar screcning values are available; a minds (-} sign
indicates that the contaminant is not 3 COBC: and a
plus (+}) sign indicates that the conlarminant is a
COEC.




3 EXPOSURE ASSESSMENT

The Weldon Spring quarry is within the Weldon Spring Conservation Area — which, along
with the August A. Busch Memorial Conservation Area to the north and the Howell Island
Conservation Area to the east — is managed by the Missouri Department of Conservation for
recreaticnal use. Bulk waste disposed of at the quarty was removed during cleanup activities
conducted under remediation of the Weldon Spring site quarry bulk waste operable unit. The quarry
is fenced, and access by the general public is restricted. These controls will be kept in place by DOE
until remedzal activities have been completed and final quarry restoration and ownerstup have been
determined. '

Currently. Femme Osage Slough is accessible to the general public for fishing and other
recreational activities. Future plans for this area include more imiensive recreational use, with the
possible development of wetlands, Contamination has been indicated in the aliuvial groundwater of
the quarry area rorth of Femme Osage Slough. Groundwater in the immmediate ares of the quarry
north of the slough is not currently used for residential, agricultural, or other purposes.
Contamination from the QROU has not affected the St. Charles County well field south of the
slough

3.1 IDENTIFICATION OF EXPOSURE PATHWAYS

Porential humar and biotic exposure pathways were identified on the basis of the following
factors:

* Locations of contaminated source areas, types of contaminants found ai those
areas, and potential mechanisms of contaminant release from those areas:

*  Likely fate and wransport of the contaminants within or between environmental
media;

*  Estimated concentrations of contaminants at points of potential human contact
(i.e., exposure points) and the associated probable routes of human exposure;

*  Completeness of each exposure pathway — that is, the presence of a
cotltaminant source, a mechanism of contaminant release, and environmental
fransport medium; a point of human contact with the coataminated source or
medium: and a route of human and/or biota exposure at that point.

All of the above factors were considered in developing the conceptual site exposure model presented
m Figure 3.1. Potential human receptars were identified for each area (ie. quarry proper and Femme
Osage Slough) under current and future land use. The human receptors and exposure
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pathways evaluated for each area are summarized in Table 3.1.! The contaminant intake parameters
and exposure factors used to calculate intakes are listed in Table 3.2

3.1.1 Quarry Proper

Potential exposure of a member of the general public to current conditions at the quarry
proper is unlikely because DOE actively monitors the quarry to restrict unauthorized access. Under
future conditions, it is expected that land use in the area outside of the quarry proper would remain
recreational, in which case the most likely future quarry receptor would be a recreational visitor. The
most likely exposure routes for the recreational visitor would be external irradiation. incidental
ingestion of and dermal contact with soil, and ingestion of surface water from the quarry pond.
Although exposare to surface water is identified as a potential pathway, it is likely not a concern
because restoration is expected to include engineering to prevent refilling of the quarry pond with
water. Ingestion of surface watér was retained as an exposure pathway because plans for restoration
have not been finalized. The potential for inhalation of contaminated airborne particulates is
expected to be very low because soil areas would be vegetated, and any remaining loose material
would be in cracks and crevices on the quarry walls and floors. However, inhalation of air
particulates was retained as a pathway for assessment.

In the unlikely event that a person would wander into the guarry under current conditions,
the potential exposure routes would be similar to those for the future 1ecreational visitor, but the
overal] risk would be much less because exposure frequency and duration would likely be less.

3.1.2 Femme Osage Slough

The most likely receptor at the Fernme Osage Slongh ared under both current and future
conditions is a recreational visitor. Potential risk under current and future land use would be similar
because risk projections would be based on similar pathways of exposure and contaminant concen-
teations. The routes of exposure by which a recreational visitor at the slough could be exposed
include ingestion of surface water and sediment and ingestion of fish. Dermal contact with surface
water and sediment was also evaluated but is considered to be very unlikely because of the physical
features of the slongh. Similarly. inhalation of air particulates is considered to be unlikely because
of the presence of surface water in the slough: however, this pathway was evaluated in this analysis,
External gamma irradiation is not a pathway of corcern because concentrations of uranium are low,
and the surface water attenuates any gamma radiation from the sediment.

L AN 1abies in thus chapter have been placed at the of the text (Section 3.4.3).
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3.1.3 Groundwater at the Quarry

Groundwater contamination occurs primarily in the immediate vicinity of the quarry area
noth of Femme Osage Slough. Because future land use is projecied ta be the same s current land
use, i.e., recreaiional, no access or use of the contaminated groundwater would be expected. Even
if land use were to change in the area, groundwater would be difficuli to obtain from the shallow
aquifer because of the aquifer’s hydrogeologic properties (e.g., low transmissivities and low yields)
(see Chapter 7 of the RI [MK-Ferguson Company and Jacobs Engineering Group 1997]). In addition,
evaluation of fate and transpoit indicates that contamination in groundwater will not affect the St
Charles County well field {i.e., current constituent concentrations at the well field will not increase).
The reasons for this conclusion include high sorption of uranium on the fine-grained alluvium north
of the slough and high dilution in the thick layer of course-grained alluvium south of the slough. The
data also indicate potential for the existence of a natural redox front that causes precipitation of
uranium compounds.

Although contact with groundwater by a current or fure receptor is an incomplete
pathway, nsk calculations were performed for 4 hypothetical residential scenario for informational
purpeses. For this scenario, the pathways evaluated included ingestion of groundwater and dermal
contact while showering. Inhalation via release of contaminants to mdoor air was not included
because contaminants present in groundwater (primarily uranium and nitrearomatic compounds) do
not appreciably volatilize from groundwater. Similar calculations for recreational use of the ground-
water would result in hazard indices or risks of approximately one-hundredth of those estimated for
the hypothetical future resident.

3.2 ESTIMATION OF EXPOSURE POINT CONCENTRATIONS

A medium-specific concentration of a contaminant at the location of exposure
(Le.. exposure point concentration [EPCH must be estimated to calculate the potential risk that might
be associated with a contaminated source or medium. For these risk assessment calculations,
contaminant-specific EPCs were developed for each contaminated medium associated with the
quarry ares. These media include soil in the quarry proper; sediment, surface water, and fish in
Fernme Osage Siough: surface water in the quarry pond; and groundwater.

The EPCs for soi] in the quarry proper were determined for each COPC on the basis of data
collected during the RL. The gquarry proper was evaluated as two separate exposure units — soil areas
and fractures. Data from soil areas were aggregated as one exposure unit to represent the likelihood
that a visitor would not preferentially visit one area over another. Data from fractures were combined
a5 a separate exposure unit becanse the probability of human contact is much less for soil in fractures
than for soil arcas. Exmosures from ingestion, inhalation, and external gamma radiation were
evaluated for both soil areas and fractures. Exposures from dermal contact were evaluated only for
the soil areas because it is unlikely that a recreational visitor would be in direct contact with the soil
in fractures. The EPCs used to calculate intakes for the quarry proper are shown in Tables 3.3 and
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3.4, These concentrations were calculated by using the one-tailed 95% upper confidence limit of the
arithmetic average {UCL} or the maximum concentration, whichever was lower (per EPA guidance;
see EPA 1989a).

Fernme Qsage Slough was evaluated a5 one exposure unit to represesat results for an
individual who did not selectively visit one particular location at the slough. The EPCs for surface
water ond sediment, determined for each COPC on the basis of data presented in the RI
(MK-Ferguson Company and Jacobs Engineering Group 1997), are presented in Table 3.5, For
sediment, UCL concentrations were calculated for each COPC by using data presented in the R1. For
surface water, bounding calculations were performed by using the maximum concentration detected
for each contarninant. Determintation of these maximum concentrations from meore recent data was
preferable becanse these data are considered to be more representative of current conditions in the
arca, reflecting bulk waste rernoval from the quarry. However, because of consistently low
concentrations of chemicals in the slough, sampling for chemicals was discontinued after 1994,
Therefore, the maximum concentration for each chemical contaminant was determined from
available data through 1994. The maximum concentration of uranivin was determined from data
collected since 1995. For ingestion of fish caught from the slough, bounding calculations were
performed by using the maximum concentration detected in the edible portion of fish for each
contaminant; these EPCs used to caleulate intakes from ingestion of fish are shown in Table 3.6. A
separate cvaluation: for the Litle Femme Osage Creek and Femme Osage Creek is not presented in
this BRA. The EPCs are lower at the creeks than at the slovgh. Hence, the risk calculations
performed for the slough should be adequately representative of the potential risk at these creeks as
well,

Exposure point caleulations for groundwater were determined for each COPC on the basis
of data collected since 1995, UCL concentrations were calculated for each COPC and were used to
calculate intakes from ingestion and dermal contact. The EPCs and intakes are shown in Table 3.7
for uranivm. Table 3.8 for metals. and Tables 3.9 and 3.10 for nitroaromatic compounds.

1.3 ESTIMATION OF INTAKES

Estimates of chemical and radioactive contaminant intakes are based on contaminant
concentrations at the exposure points (Section 3.2) and scenario-specific exposure assumptions and
intake parameters. The exposure assumptions and intake parameters used to calculate intukes are
listed in Table 3.2; these values are consistent with recommendations by the EPA {1995b, 1992a).
A recreational visitor was evaluated for the quarry proper and for Femme Osage Slough. It was
assumed that the individual would visit the area for 4 hours, 20 times per year, over 30 years. At the
quarry proper, intakes were estimated for external irradiation. inhalation of contaminated
particulaees, and ingestion of and dermal contact with surface water and soil. For a recreational
visitor at the slough, intakes were estimated for ingestion of and dermal contact with surface water,
ingestion and inhalation of and dermal contact with sediment, and ingestion of fish.
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The possibility that the recreational visitor could be a child who petentially could be more
sensitive to contamination at the QROU was not evaluated separately. The intakes for the child
would be less than those estimated for the recreational visitor becanse the exposure duration would
be shorter. In addition. a soil/sediment ingestion rate of 120 mg/event was assumed for the
recreational visitor to account for potentially higher ingestion rates of a child {ie., from age I to
6 years). The EPA {1991] recommends ingestion rates of 100 mg/event for adults and 200 mg/event
for children I o 6 years of age. Intakes calculated for the other pathways {i.e., inhalation, dermal,
and ingestion of surface water and fish) were based on exposure of an aduit and would bound
exposures of a child because assumed rates for ingestien and inhalation and exposed skin surface
area are greater for the adult receptor.

The methodologies used to calculate intakes from each route of exposure are presented in
Section 3.3.1 for chemical contaminants and in Section 3.3.2 for radicactive contaminants. Dermal
exposures to soil. sediment, and surface water were evaluated for this assessment but should be
iriterpretéd qualitatively because of limitations in the methodology for evaluating this pathway (EPA
1992a). For soil, EPA recommends quantifying dermal exposure for a contaminant only if there is
some experimental basis for estimating the amount of the contaminant that is absorbed. For contami-
nants asseciated with the QROU, dermal absorption fractions are available only for PCBs (Schaum
1991). For the irorganic cortaminants, s bounding upper-limit estimate was calculated using the
gastromtestinal absarption fraction (f,} {DOE 1988); a value of 0.2 was assumed for nitroaromatic
compounds. For dermal contact with surface water, dermal permeability coefficients were used in
the intake equation to estimnate the amount of contaminant that could be absorbed per unit area of
skin per unit time. Contaminant-specific permeability coefficients were not available for the contam-
inants associated with the QROU; therefore, the default valus of 1 = 102 was used {5chaum 19913,

331 Chemical Intakes

Exposure to chemical contaminants is expressed in terms of intake. Intake is the amount
of contaminant taken into the body per unit body weight per unit time (expressed as milligrams of
contaminant per kilogram of body weight per day [mg/kg-d]). Estimates of intakes were tzlculated
for ingestion of water, sediment, and fish; dermal contact; and inhalanon of contaminated particu-
lates. The intake of chemical contaminant i (1) from gestion of water was caiculated as follows:

[ =C;xIR, xEF xED { BW x AT,

where:
Cwi = concentration of contaminant ¢ in water {mg/L},
IR, = water ingestion rate (L/event),
EF = ecxposure frequency {events/yr).
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ED = exposwre duration (vr),
BW = average body weight over the exposure period (kg). and

AT

averaging time (d}.

The chemical EPCs and estimated intakes for a recreational visitor from ingestion of surface water
at the slough and creeks are presented in Table 3.5 and 3.6, respectively. The EPCs and estimated
imakes for a hypothetical resident from ingestion of groundwater are shown in Tabie 3.8 for metals
and in Tables 3.9 and 3.10 for nitroaromatic compounds.

The intake of chemnical contarninant 1 (1) from ingestion of soil or sediment was calculated
as follows:

1= C xR x CF| x EFXED / BW x AT,
where:

C.

5

concentration of contaminant 1 in soil or sediment (mgafkg),

IE

g

sotl {or sediment} ingestion rate (mgfevent), and
CFI = conversion factar (1 = 1078 kg/mg).

Tables 3.3 and 3.5 present the chentical EPCs and estimated intakes from ingestion of soil or
sediment for a recreational visitor at the quarry proper and slough, respectively.

Intake of chemiral contarminant i {L} from ingestion of fish from the slough wis calculated
as follows:

I = C; x IR x CF, x EF xED / BW x AT,

where:

Cq

: concentration of chemical contarninant i n fish tssue (mgfkg),

CF, = conversion factor (1 x 107 kg/z), and

IR,

Table 3.6 presents the EPCs and estimatcd intakes for the recreational visitor from ingestion of fish,

ingesuon rate of fish (glevent).




The intake of chemical contarinant i (£} from inhalation of soil was calculated as follows:
IizcuijRaxETxEFxED { BW x AT,

where:

C concentration of contaminant i as respirable particulates {mgfm3),

ai

IR

a

itthalation rate [mgfh], and
ET = exposure time {h).

The chemical EPCs and estimated intakes from inhalation of air particulates are presented in
Tahle 3.3,

The intake of chernical contaminant i {I.) from dermal contact with contaminated soil and
sediment was calculated as follows:

CﬂxSAxAFxABSixCleEFxED

+

BW x AT
where:
SA = skin surface arca {cmzfevent}, angd
AF = soil-to-skin adherence factor (tg/em?), and
ABS. = fraction of contaminant j absorbed (unitless},

Tables 3.3 and 3.5 present the estimated intakes frorn dermal contact for a recreational visitor at the
quarty proper and slough, respectively.

The intake of chemical contaminant i (I;) from dermal contact with contaminated surface
water was caleulated as follows:

) C“_..lxSAxPCixCijETxEFKED
L B“'FKAT

where:

PC

l dermal permeability coefficient for contaminant {cmvh} and

fl

CF,4 cenversion factor (107 L/em®).

The estimated intakes from dermal contact with surface water are presented in Table 3.5,
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3.3.2 Radiological Intakes

Intake values for radioactive contaminants were calculated by methods similar to those used
to calculale intake of chemical carcinogens. Radiological intake is the amount of contaminant taken
into the body, expressed in pCl. Estimates of intakes were calculated for ingestion of water, soil, and
fish: dermal contact; and external irradiation. The intake of radioactive contaminant i (L) from
mgestion of water was calculated as follows:

L=R,;xIR, xEF xED,
where:

R,; = concentration of radionuclide i in water (pCi/L).

The radiological EPCs and éstimated intakes for ingestion of surface water for a recreational visitor
at the slough and creeks are presented in Tables 3.5 and 3.6, respectively. The EPCs and estimated
intakes of uranium for a hypothetical resident are presented in Table 3.7,

Intakes of radioactive contaminant i (I,) from ingestion of soil or sediment were calculated
as follows:

I-l=R$-IxIRstF¢xEFxED_.
where:

E.

%4

concentration of radionuchde i in seil or sediment (pCifg) and

CF, = conversion factor ([ x 10 gimg).

The EPCs and estimated intakes for ingestion of soil or sediment by a recreational visitor at the
guarry preper and slough are presented in Tables 3.4 and 3.5, respectively.

Intake of radicactive conlaminant i (L) from ingestion of fish from the slough wus
calenlated as follows:

where:
R; = concentration of radicnuclide i in fish tissue (pCifeg).

The estimated intakes from ingestion of fish from the slough are presenied in Table 3.6.
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The intake of radicactive contaminant i (I;) from inhalation of soil was calealated as
tollows:
L=R;xIR, xET x EF xED,
where:
R; = concentration of contarninant i as respirable paniculale_s {pCif’m3}|.

The EPCs and estimated intakes from inhalation of contarminated particulates by a recreational
visitor in the quarry proper are presented in Table 1.4,

The intake of radicactive contaminant i (I} from external irradiation (in units of pCi-yr/g)
was calculated as foilows:

I,-=RS[xETxEFxEDx1f3?6Uh,

Tuble 3.4 presents the estimated intakes from external irradiation to a recreational visitor at the
quarry proper. The estimated radiological dose from external radiation was also calculated vsing the
average of the exposure rate measurements reported for the quarry proper. The radiological dose (in
units of mrem) from external gamma iradiation was caleulated by multiplying the length of time
an individual was assumed to he exposed to the radiation field strength and the dose conversion
factor of .95 mrem/mR.

The intake of radioactive contaminant j (L) from dermal contact with soil or sediment was
calculated as follows:

Ii=R5-leAxAFxABSixCF4xEFxED.

The estimated intakes from dermal absorption are presented in Table 3.4 for the quarry proper and
in Table 3.5 for the slough. .

The intake of radivactive contaminant i (L} from dermal contact with surface water WS
calculated as Mollows:

IizRWixSﬁxPCixCFEXETxEFxED.

The estimared intake for dermal absorption of uranium by a recreational visitor at the slough is
presented in Table 3.5,
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3.4 ESTIMATION OF CONTAMINANT INTAKE RY BIOTA

3.4.1 Ecological Receptors

Contaminant uptake was modeled for the mallard duck, grear blue heron, bald eagle, and
white-tatled deer, Because of the nature of Little Femme Osage Creek, use of this stream was not
considered to be significant for these recepters, except for the white-tailed deer. The creek is too
sinall to serve as foraging habitat for the bald eagle. Although the mallard and great blue heron may
forage in the creek. these species are more likely (o use the larger nearby waters of the slough,
Femme Osage Creek, and the Missouri River. In contrast. the white-tailed deer is more likely to
drink from the creck. Thus, the uptake modeling considered exposure at only Femme Osage Slough
for the mallard, great blue heron. and bald eagle, and exposure at both the sicugh and Little Femme
Osage Creek for the white-tailed deer. However, the tmaximum contaminant concentrations reported
from either the slough or the creek were used in al! uptake models, regardless of the exposure area
(slough or creek).

3.4.2 Equations for Estimating Intake

3.4.2.1 Chemical Uptake from Ingestion of Drinking Water

Te estimate chemical contarninant uptake for ecological receptors using Femme Osage
Slough and Lirtle Femime Osage Creek s drinking water sources, the following eguation was used:

ADDW = E (CxFR)xIR/BW,
where:

ADD,. = applied daily dose (ADD) from drinking water (mg/kg-d) summed
over all drinking water sources,

C = contaminant concentration in drinking water source (mg/L),
FR = fraction of total water ingestion from contaminated source, caleulated
as arza of contaminated surface water body to total area of all surface
water within the home range of the receptor species (%, unitless),

IR = water ingestion rate (L/d), and

BW = body weight (kg).
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3.4.2.2 Chemical Uptake from Ingestion of Sediment

Contaminant uptake from ingestion of sediment from Femme Osage Slough was estimated
using the foliowing equation:

ADD, 4 = 2 (CxFS§ xIRxFR)/BW,

where:
ADD,.4 = applied daily dose from ingestion of sediment (mg/kg-d),
C = contaminant concentration in sediment {mg/kg),
FS = fraction of sediment in diet (%, unitless),
IR = food in:gestio'n rate (kg/d),
FR = fraction of total food intake from contarmnated area (%, unitless),
and
BW = body weight (kg).
3.4.2.3 Chemical Uptake from Ingestion of Food
Contarminant uptake through food ingestion was estimated with the following equation:
ADD; = ¥ C_xDF, x SUxNIR, .
where:

ADRD,; = applied daily dose from food ingestion (mg/kg-d), summed over

all food items:

1}

C = average contaminant concentration in the food item (mg/kg):

DF fraction of total diet represented by food item (%, unitless):

sU

site use factor, which represents the proportion of time the
receptor occurs ih the QROU area (the factor is used 1o estimate
the proportion of daily intake originating from the QROU con-
taminated area)

= {arca of contamination} + (home range area); and



ry

NIR

normalized ingestion rate of the food item (kg/kg-d)

fnen-novmalized ingestion rate (TR) (kgfd)]
+ [body wetght (BW) (kg)}
3.4.2.4 Radiological Intake

The potential radiclogical doses to aguatic biota and terrestrial wildlife from exposure to
uraniem in surface water and sediment in Femme Osage Slough were examined for comparison with
applicable dose limuts specified in 10 CFR Part 834 {*'Radiation Protection of the Public and the
Environment™). The dose limit from exposure to radiation or radioactive material discharged in
liquid waste to natural waterways for protection of aquatic bicta 1s 1 radf/d; (1.1 rad/d has been
proposed for terrestrial anirmals.

The daily dose rate to wildlife was estimated with the following equation by calculating the
rate of energy deposition from uranium in Lissue per unit body weight of the receptor:

Dose Rate=TC®Ex K.
where:
TC = tissue conceniration 2f the uranium (pCifkg),

E = energy per decay = 10 MeV / decay for uranium {Publication 38 of the
International Conmmission on Radiological Protection [ICRP 1983]), and

K = conversion constant

= 0.037 (decay/s-pCi) x 107 (kg/e) x 86400 (s/d}
x 1.6 % 107 (erg/MeV) x 0.01 (rad-g/erg)
= 5.121 % 167 {rad-kg)(d-Me V-pCi).
The tissue concentration (TC) was calenlated with the following expression:
TC = C x fxET x [R/BW,
where:
C = uranium concentration in surface water (pCifL) or sediment (pCi/g),

f = absorption fraction {unitless),
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ET = -exposure ime (d}, )
IR = ingestion rate of water (L/d) or sediment (g/d), and
BW = body weight of the receptor (kg).

The dose rate i fish was determined with the following equation:
Dose Rate=C xBFxE x K,
where:
= urznium concentration in surface water {(pCi/L) or sediment {pCi/g),
BF = bioacc_umula;iqn fact_::-r (10 L/kg for uranivm [Yu 1993},
E = energy per decay = 10 MeV / decay for uranium (ICRP 1983), and

K = conversion constant (see above}.

3.4.2.5 Exposure Factors

Specics-specific information on ingestion rate, body weight, life expectancy, diet
composition, and home range was obtained from the EPA Wildlife Exposure Factors Hundbook
{(EPA 19933, available scientific literature, and site-specific data (such as Bethel et al. 1993).
Species-specific values for ingestion rates were directly available only for the white-tailed deer. The
following allometric equation (EPA 1993) was used to estimate the food ingestion rates for the
mallard duck, great blue heren, and bald eagle:

IR = 0.0582 (wi)?®3!
where:

IR ingestion rate (kg/d), and

wt = welght of the receptor (kg).

Exposure factors used for this risk assessment are presented in Table 3.11.




3.4.2.6 Model Assumptions

Because only limited species-specific data were available, the following assumptions were
made in modeling contamunant uptake:

+ The ingestion rate of each receptor would be constant over that receptor’s
entire home range.

+  Biota uptake would not significantly affect the environmental concentration
of the contaminant.

« Transfer of contaminants between biota of different trophic levels would be
complete, as would assimilation of contaminants within each trophic level
{100% of ingested contaminant assimilated); excretion of contaminants was
ignored. '

»  Plant *issue contaminant concentrations would be equal to the contaminant
concentrations in sediment.

« For estimation of radiclogical uptake, the absorbed fraction was assumned to
be 0.1 (the value for humans was conservatively estimated to be 0.3).

= For terrestrial wildlife, the exposure lime was estimated as the receptor’s life
expectancy multiplied by the ratio of the area of the slough to the home range.

+ For estimation of the dose to fish inhabiting the siough. contaminants were
assimed to be distributed homogeneously within the tissues of the fish, and
all energy liberated by each decay within the fish was assumed to be totally
absorbed.

3.4.3 Estimated Contaminant Doses

Chemical contaminant uptake through ingestion of water, food, and sediment was estimated
as an applied daily dose (ADD) for the mallard (Table 3.12} and the great blue heron (Table 3.13).
Chemical contaminant doses from ingestion of water and food were estimated for the bald eagle
{Table 3.14). The estimated chemical contaminant doses for the white-tailed deer from the ingestion
of water from the slough and Little Femme Osage Creek are presented in Table 3.13.

Radiclogical daily dose estimates for the mallard, great blue heron, bald eagle, and
white-tailed deer from ingestion of surface water and sediment from the slough are presented in
Table 3.16. The daily dose rate for fish inhabiring the slough was estimated to be 2.0 x 1073 rad/d.
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TABLE 3.1 Human Receptors and Exposure Pathways for the QROU?

Ingestion
External
Glamma Surface  Sedimentf
Location/Receptor Radianan Water Sol Fish Groundwater®
Quarry praper
Future recreational visitor X X X NA w
Femme Osage Slough
Current recreational visitor Na X x X IP
Future recreaticnal wisitor WA X X X Ir
Dermal Inhalation
Surface  Sedimenl/ Sediment/
LocauonReceptor Walcr Soil Sail
Quaery proper
Future recreational visitor X . X X
Fernme Osage Slough
Current rooTeutional visilor X X X
Future recreattonal visitor X x bt

* An X indicates thar the expasure pathway was ussessed for this receptar; NA = not
applicable; IP = incomplete pathway.

Cm the basis of current and projecred future land wse. cxposure W contaminated ground-
waler is an incompiets pathway. However, 1o provide information on potential risk,
exposure Lo cumaminated groundwater via ingestion and dermal contzct was evaluated for
a hypotherical futare resident. -
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TABLE 3.2 Exposure Scenario Assumptions and Intake Parameters
for the Current and Future Recreational Visitor

Yaloe for
Racreational
Parameter Linit Visitor®
Exposure time hievent 4¢1)"
Exposure fTequency eventa’yr 20
Exposure duration ¥I 30
Buody weight ke To
Sedimentfsoi] ingestion rate mglevent LxF
Swrface water ingestion rate ml fevent 2003
Inhalation rate m/k 21
Pamiculdte emission fagtor mrke 4.63 % 107
Fish ingestion rare Zfevent 55
Surface area (arms, hands, lower legs} em? 4,200
Surface ared (hands) em? 820
Adherence factor of soil to skin mg/cm -cvent 2x 107
PBermeabilizy Coefficient cnvh PELE
Absarption fraction unitless
Aluminum SRH]
Aniimony 0.01
Arseme 0.3
Barium 0.1
Beryllium 0.003
Cadmium Q.03
Copper (+5
Chraomium 0.1
Manganezse 0.1
Maolybdenom 0.3
Nickel 0.05
Radivm 0.2
Salenium 00s
Silver .05
Thallium 1.0
Thartum o002
Uraniem n.o02
Vanadium 0.01
Zinc _ 0.5
FCEs _ 0.1
Nitroaromatic compaunds 0z

For the hypothetical residential cateulationg, a groundwarer ingestion rate of 2 Lid for
. - - )

30 years was assumed for the ingestion pathway, and a surface arca of 20,000 em-

waz assumed for dermal sbsorption from showering 10 min/d over 30 years.

Assumed o be wading for | hour in the slough.

[ncludes & years for an ingestion rate of 200 myg for a child. and 24 vears for
ingestion tate of 100 e per event for an adult.
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TABLE 3.6 Exposure Point Concentrations and
Estimated Contaminant Intakes for Ingestion
of Fish from Femme Osage Slongh

EPC? Intake
Contaminant ipCig} (i)
Radionuclides
Uranium, tota] 0.0057 190
Exposure Point
Concentration” Intake
Contamihant fmg'ke) {mgke-d)
Chemicals. )
CMetals
Arsenic 0.085 17 x 1070
(1.6 x 15"
Lead 0.83 3.6% 107
Mercury 014 6.0 x 1078
Uranium 00070 34 % 107

EPC = maximum detected concentration in the edible
putlion of fish,

Estimated dasly intake averaged over a lifetime of
T vears,
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TABLE 1.7 Estimated [ntakes of Uranium for the Hypothetical Future Resident

Lranrium Uraniutm
Intake {pii} Intake (pCi)
EPC? EpCS
Wall 1D (oL Ingestion Dermal Well ID (pCLLY Ingestion Derma)
North of Slough Sonik of Slough
MW-1002 36 THx 10 42 %107 MW- 1010 .44 23x 107 s3wx10?
MWL IO LA TN 43w 1ptd MWw-101] i 12x10° 6.6 x 107!
MWLIU03 a3 152107 26107 MW-1017 1.5 Ixx 10 LRx1g?
MW 1006 300 E3x100 37w 10T MW_1018 1.8 AEx10r 20x 10
MW-1007 61 1.3 % 1f 7.2 MW-1019 3.1 11x18 60x10!
MW-1008 3300 7TANx10T 4tk 10f MW.1620 4.5 $4x 100 53 = 10!
RIW- 1009 15 izxr 1.4 MW.1021 .90 L9x 1 1= 10t
MW-1013 930 20x 107 LIxIfP MW- 022 .05 19xurt =gy
MWL 1084 1,100 Tax 10" L3xan? MW - 1623 1.8 i%x 10t 2.0 k10!
MW S 130 To0x1% 38x1g! MW. 1033 37 720t 44w 10t
MW-[016 200 310t 2410 MW t0d4 0.3 65x10°  3.6x 102
MW-1026 010 122100 1310 RMW. | L5 32w 10t )&k !
MW-1027 430 90x10%  51x10! RMW.2 6.2 1l4x 107 80w 1o
MW 028 12 65x L0 3.7 %107 RAMW.3 1Lt 2310 13x00l
MW-1020 22 5200t za w0l RMW-4 15 LET I A N Tl
AW 030 63 tixin® 74100
MW-103| 170 &I rox 0
MW-1032 1000 222107 1.2x HP
MWL 1035 0.36 Laxur 6.5 = 142
MW. 1036 7.8 Lawld  9rxg!
MW-1057 21 43x100 Zdx it
MW- 1035 35 B21xiF  d6x10!
MW-1030 0.62 L3w10t  72x107 '
NW- 1040 6.6 ld=lr  78x 10!
MW 1041 4.3 95xi0*  53x10!
MW TS 34 12% 107 6.8 107
MW- 106 I3 39100 33
MW7 %) 63xi0* 3310
MWL 1048 0 432108 rax1p!
M- 1043 .50 Liwig' s59x107

EFC = upper confidence limit of the adihmetic average (LCL) or the maximum value reporied Ffor uranium for each
well from Lthe data collected since 1995,
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TABLE 3,11 Species-Sperific Exposure Factors for Ecological Receptors Using the QROU

Species-Specific Exposure Factor”

Pararmerer Mallard Duck real Blue Heron Eald Eagle White-Tailed Deer”

blean body weight (kg) 1.H) 2.23 450 Q0.0

Life expectancy® (yr) 135 15 20 20

Home range (ha) 289 8,100 3,494 160.0

Food ingestion rate? (kg/d) 0.061% 0401 0.540 086

[hied fraciico 645 invertebrates 85% fish 50% waterfow! 1005 vepetation
34% vegetation 10% amphibians 27% fish
2% sediment 5% sediment 23% carrion

Waler ingesnion rate {g/g-d) (O35 0.043 0.036 0.06

ANl values from BEPA Wildlife Exprsure Factors Handbook (EPA 1993}, unless otherwise noted.
b Exposurs factors from Schwartz and Schwartz (19810,
¢ From Terres (12800,

9 Derived using allometric equatons in EPA {1993),
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TARLE 3.12 Estimated Contaminant Doses for the Malkard
Duck Foraging at Femme Osage Slongh )

Applied Daily Dose® {mg/kg-d}

Water Sediment Food
Contaminant Ingestion Ingestion Ingastion Total
Metals
Aluminum 00032 0.0668 3.2760 33460
Arsenic « L0001 L0001 0.0040 00041
Barium 0.0001 0.0012 00580 0.0593
Calciom &.0107 1133 55750 56990
Cadminm < (.01 < {(1.0001 0.0007 0.000E
Chloride 00037 (.00 0.0065 00103
Chromiym < 0001 {3.00k32 0.0083 00083
Copper < 0.0 LR 00043 0.0030
Iran (L0013 0.04942 4.6158 47113
Lead = (L0001 0.0002 3.0079 0.0081
Magnesium 00024 0,007 08770 03973
bianganese 0.0002 0.0038 0.1787 01§25
Mercury = .0001 = 0.0001 0.0002 0.3003
Molybdenum ND? < {10001 000407 00047
Mickel < (0001 = (30K 00045 0.0045
Potassiom 00010 00115 (.5658 3782
Selenium < (LN = (LK .03 005
Sodium 00023 00008 {1105 0.0436
Thullium < 00001 < (.00 IAEE 0,000
Uranium, total {0 < 00001 {00249 0039
Yamadium < QL0001 SREEHI t.oa72 0O073
e < 00001 (0.0006 (0298 003204
Inorpanic anion
Nilrale 00016 ND ND 0016

Nitrogromatic compounds

1,2.5-TNE ND» =< DL < {,[HH31 = (L0001
246 TNT WD < [L{MHH1 = {10001 < {00
24-DNT WD < 10001 = {10001 < L0001
26-DNT ND < 0,031 = (1.0001 < (.0001
1.3-DNB W < 0,000 = 1.0001 < 0.0001
Nitrobenzene s < (L0001 < (.0001 < QLA

ND = nnt deteoed.
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TABLE 3.13 Estimated Contaminant Doses for the Great Blue
Hercn Foraging at Femme Osage Slough

Applicd Daily Dase® (mg/ke-d)

Water Sediment Food

Cantaminant Ingestion Ingestion _ Ingestion Total
Matals
Aluminum (.0003 01780 13824 35607
ATsanic < L0001 0.0002 G.0037 00039
Barium < 0,001 0.003] 0.05%4 00625
Calcium 0.0029 {3030 57370 6.0629
Cadmium < (.0001 < 00001 D.oga7 00007
Chioride 0.0010 0000 (0087 INET
Chromium "< 0.0001 £.0004 (L85 0.0089
Copper < 000 G.0003 0.0050 0.0033
Iron L3 0.250% 4.T66] 5.0172
Lead < (100 0000 00082 0086
hagnesium 00007 03474 (.5054 0.9537
Manranese < [L0O01 0097 0.1845 01942
Mercury = {.0001 < (10001 000072 0.0002
Molvbdenum ND® < ).0001 {2.0007 0 0O0HT
Wickel < 00001 2.00072 0007 00043
Potassium 000803 0307 0,5842 0.6152
Silenium < 3.0007 0.0002 D046 00048
Sodium ELETE U.{H}22 90419 0.0448
Thallium < 000K < (L0 30004 0.0004
Uranjuny, total £,.0003 {0002 0.0031 00036
Yanadium < (3,0004 G004 0075 00079
Zinc < 0.0001 00016 20307 (0323
fnpreanic antan
Nitrate 3.0004 MDD ND 00004

Nitroaromatic compounds®

1,3.5-TNB ND = {LOIHH = (3.0HHI) < (L0001
246-TNT N < 0,0001 < 1,041 = (.0001
26-DNT NI < 000D+« 0.0 < (L0001
24-DNT KD = 0001 = {0001 « 0.0001
i,3-DNBE N < {.0040] < (.00 < (L0001
Mitrchenzane ND = (.00 = 0,0001 < (h{}1

1 NI = not detected,
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TABLE 3.14 Estimated Contaminant Doses for the Bald
Eagle Foraging at Femme Osage Slough

Applied Daily Dose® (mg/kg-d)

Water Food
Contaminany Ingestion Ingcstion Total
Merals
Aluminum Q.0008 19249 1.9302
ATsenic = QL0001 0.0021 00021
Bartum < {L.0{H 0.0338 0.0338
Calcium 0.0070 32787 32837
Cadmium < (L0000 (AL LS Q0004
Chlodde 0.0024 00038 0.0062
Chromium = < 0001 0.0040 0.0049
Copper < {004 00029 0.0429
Iron 0.0008 27123 2.7131
Lead < 0001 00047 00047
Magnesiam 0.0016 5152 0.5168
Manganase {.0001 0.1050 {Li05E
Mercury < {1000 0.0001 (.01
Motvbdenum WD L0004 00004
keickel < 00004 40027 00027
Polassium 0,007 3325 0.3332
Selznium < 0.0001 0.0026 00026
Sodium QKB 0.023% 0236
Thallium = {1IKK}H T 00002 00002
L'raniom, total 00006 0017 0{K23
Vanadium < 0,000 00042 UNaz
Zinc < 00001 q.017s 0175
Inorganic anion
Ivitratc AL ND 00011
Nitroaramatic compounds
1.3.5.TNE ND < (L0007 < [0
248 TNT ND = 00001 < (.00
2.6-BNT ND < 00001 < (10NN
IA-DNT NI = 00001 < (N
1.3-DNBE NI < (0001 < LM
Nitrobanzenr [§1 M < L0001 = D.0001

1 ND = not detected.
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TABLE 3.15 Estimated Contaminant Doses for the White-Tailed
Deer Drinking from Femme Osage Slough and Little Fernme
Osage Creek

Applied Daily Bose” (mg/kg-d)

Fernme Osage Litlle Femme
Contaminant Slough Osage Creek Tolz)
Mzials
Aluminum 00220 00008 (0228
Antimony ND? 00001 Y]
Arsznic < (1000 = 0.0001 < 0.00M
Barium 0,001 ALEL D018
Caleium . 0.20438 0362 07668
Cadmium < 0.0001 < 0.0001 < (L0001
Chlonde 0.0a70 0.035 0,105
Chromium < 0.0001 00042 0.0002
Copper = 00001 NI < 00001
Irom 00230 00098 0.0348
L.ead < (00N} < [LO0HH < {0, (110
Magnesicm 00470 .055 0.102
Manganese 0.0 0 0.0014 (.NS4
Mercury SRR L] < .01 < QLK)
Nicka[ « (LN < 00001 < .00
Porassium 0019 012 G031
Selenium < U001 < (LUGOT < L0001
Sodium 005240 00350 00870
Thallium < {10001 < LK = [N}
Uraniuem. wotal .0200 < {001 10200
Vanadium < 00,0001 < {3,000 < 1.0001
Zinc (03 0.2 OLNMIS
Irurganic anion
Mitrate 00310 023§ {0591
Sulfate no9216 01957 11173

Nitroarumatic comiponndx

[.353-TNB NI - LN < (L0001
246 TNT ND : < 0,000 < 0.0101

2.6.DNT ND = 0.0001 < 0.0001

" ND = not detected.
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TABLE 3.16 Estimated Radiological Datly Dose Rates to Wildlife Receptors
Ingesting Surface Water and Sediment from the Femme Osage Slough

Daily Diose frad/d)

Slough
Site Use Surface Water Sediment
Receptor Eactod® ingestion Ingestion Total
Mailard 0,003 Lgx ot g8x 107" 1.9 x 1o
Great biue heron 0.001 5.0x%10° 24% 1067 74x10f
Baid eagle 0.003 1.6 x 107 NEP 1.6 x 1
White-tailed deer .05 4.5 % 1073 NE 4.5 % 107

a

The site use factor ts the ratio of the area of the Femme Osage Slough (2.3 ha) to the
total area of all surface waters preseat within the home range of the receptor species.
The availzbfe surface water-area was estimated by centering the home range of each
recepter on the slough and identifying all surface waters present within a radius of the
slough that encompasses the area of the home rangc.

NE = & dosc was not estimated hecause no sediment ingestion routc was identified
¥or the recepior
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4 TOXICITY ASSESSMENT

The toxicity of the radicactive and chemical COPCs identified for the QROU is discussed
in Sections 4.1 and 4.2, respectively, Methods for evaluating toxicity are discussed in Section 4.3

4.1 RADIATION TOXICITY

4.1.1 Human Health

Only at relatively high doses or at high dose rates over large popuiations have radiation
health effects been confirmed in humans. Health effects are presumed to occur at low doses as well,
but can only be estimated statistically. Potential tadielogical health risks are expressed as the
increased incidence of cancer in the ¢xposed population. Radiation exposure pathways can be
separated into eith=r extemnal or internal exposure. External exposure occurs when the radioactive
material is outside the body. Internal exposure occurs when the radicactive material enters the body
by inhaiation or ingestion.

Alpha. beta, and gamma radiation are released during the radivactive decay of radionuclides
in the uranium-238, thorium-232, and uranium-235 decay series. Each type of radiation differs in
its physical properties and its ability to induce damage in biological tissue. Within the body, alpha
particies are the most effective of the three types of radiation in damaging cells because their energy
is completely absorbed by rissue. Bera particles are primarily an intemal bazard; however, in cases
of external skin exposure, very energetic beta paricles can penetrate to living skin cells, thus
representing an external hazard as well. Gamma radiation js primarily an external hazard because
It can penetrate tissuc and reach internal organs. Alpha and beta particles are the principal concern
for internal exposures because their energy is absorbed in cells before the particles leave the body;
gammma rays are most likely to leave the body without depositing 2 large fraction of their energy.

4.1.2 Ecological Health

Identifying the effects of radionuclides on orgamisms in the nawral environment is
comphecated because (1) various sources of ionizing radiation are possible; (2) eXposure can be
internal, external, or both; (3} each radionnelide has unique physical and chemical properties;
{4} ecological receptors have different mobilities and varied habitats; and (3) current concentrations
of radionuclides in most areas are too low to detect effects on brota populations and communities,
even in such arcas as weapons testing sites (Whicker and Schuitz 1932a-b). Pessible effects o
ecological receptors from acute or chronic radiological exposure include mortality, physiological and
pathological changes. and developmental and reproductive eftfects {National Council on Radiation
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Protection and Measurements [NCRP] 1991; International Atomic Energy Agency [TAEA] 1992;
Rose [992).

For acute exposure to ionizing radiation, aquatic invertebrates tend to be more resistant than
aquatic vertebrates. The most sensitive periods in the life cycles of aquatic organisms are the early
developmental stages. with radiation sensitivity generally decreasing with increasing development
(NCRP 1991). The reproductive and carly developmental stages of aquatic OTganisis are most
sensitive to chronic irradiation, and deleterious effects of chronic irradiation have not been observed
10 natural populations at dose rates of 1 rad/d or less (NCRP 1991).

Sintlar sensitivity and effects have been identified for terrestrial wildlife (TAEA 1992},
Terrestrial invertebrates are much less sensitive to lonizing radiation than are terrestrial vertebrates,
requiring about 100 times the dose needed for vertebrates to induce mortality. Among terrestrial
species, lethal acute doses and sensitivity to chronic radiation vary widely among different taxa, with
birds, mammals, and a few treé species being among the most sensitive biora. Acute doses of less
than 10 rad are considered unlikely to produce persistent, measurable deleterious changes in
populations o1 communities of terrestrial plants or animaly (IAEA 1992). Chronic dose rates of less
than 0.1 rad/2 for animal populations and less than 1 rad/d for plant populations do not appear likely
Lo cause observable changes in tetrestrial species. As for aguatic biota, the reproductive and early
developmental stages of terrestrial biota are most sensitive 1o irradiation.

4.2 CHEMICAL TOXICITY

4.2.1 Human Health

The chemical COPCs in the QROU include metals, nitroaromatic compounds, and PCBs.
Antirnony is typically present in soil as sulfide and oxide compounds. Industrially, antimony is used
in many alloys. Tt has been adrinistered orally to humans and animals as both an emetic and an
antiparasitic agent. Toxic effects that have becn observed in humans are associated mainly with
occupational exposures,

Arsemc compounds are widely used as pesticides. Although inorganic arsenic has been used
as a poison for centuries. it is an essential nutrient for several animal species and is believed 1o be
essential for humans. Typical human exposures to arsenic from background sources fange from 20
10 70 pg/d, with food being the major source. Noncarcinogenic toxic effects of arsenic ingestion at
levels greater than about 20 pg/ke-d include skin disorders, severe irritation of the gastrointestinal
tract, anemia, nerve degeneration, and toxicity to the liver, Kidney, and heart.

In soil. beryllium is generally present in insoluble, immobile forms, Beryllium compounds
are poorty absorbed from the digestive tract and through the skin. Oceupational exposure 1o
beryllium oxide at levels greater than 2 pg/m° can result in scaing of the lungs, shortness of breath,
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and reduction in lung volume. Datz on developmental and reproductive toxicity are limited;
however, in one study of pregnant rats administered beryllium chloride, increases in fetal maortaliry
and mternal abnormalities in the offspring were reported. '

Chromium 1s present in the environment as chromium, trivalent chromium (I}, and
hexavalent chromium (VI). Chromium ITI occurs naturally in the environment and is an essential
nutrient, whereas chromium and chromium VI generally result from industrial processes. The
principal toxicological hazard of environmental chromium s associated with exposure o
chromium VI. Effects observed following exposure to high levels of chromium VI include iritation
of the nasal mucosa. perforation of the nasal septumm, skin ulcers, and irritation of the gastrointestinal
tract.

Lead can result in varied toxicelogic effects, depending on the level of exposure, In the
absence of an oral RID for lead, the EPA has developed an uptake/biokinetic model to estimate
blood 1gvels of tead on the basis of total lead uptake from exposures via diet, drinking water, air, soil,
and paint. The application of this model to potential exposures at the quarry area (i.e., slough surface
water) is discussed briefly in Section 5.3.3. At blood levels greater than 40 pg/dL, lead can cause
miscarriage, sterility in males, anemia, and damage to the central nervous system and kidneys. The
fetus and young children are particularly sensitive to Jzad toxicity. Some experts believe there is no
adverse effects threshold for lead in children. Even low-leve] jead eXposure (e.g., as low as 10 pg/dl)
durng early childhood can cause impaired intellectual and neurobehavioral development,

Manganese is an essential dietary nuttient for humarns and js present in many foods, Studies
of hurnans and experimental animals suggest that oral exposure 1o elevated levels of IMATIZaNese can
result in decreased fertility and in effects on the cardiovascular and central NErvous sysems.

Inorganic and organic forms of mercury have been found to be toxic to humans and experi-
mental animals. In general. the organic forms are more toxic than the inorganic forms. Human
studies indicare that the kidney and ceniral nervous system are the main sites affected by mercury;
however, the degree to which these systems are affected depends on the chemical form of mercury
and the route of exposure.

Selenjum and most of its compounds are not considered 1o be carcinogenic; in fact, severa]
studies sugpest that normal amounts of dietary selenium may protect against cancer. However,
selenium sulfide has been shown to be Carcinogenic in animals via ingestion.

Experimental studies suggest that thaliium induces toxic effects in the reproductive system.
Chrounic thallium intoxication in humans during pregnancy has alse been reported to cause malfor-
mations and central nervous system defects in offspring.

Although natural uratium is radicactive, the primary health effect associated with exposure
is kidney damage caused by chemical toxicity, Abour 5% of the soluble sults of uranium are
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absorbed via ingestion. Kidney toxicity, which is the main health effect of concern for exposure Lo
soluble uraniur, may be reversible, depending on the level of exposure.

The oral toxicity of vanadium increases with increasing valency; pentavalent vanadium is
the most toxic. Excess ingestion of vanadium has cansed gastrointestinal disturbances, nervous
system effects, and abnormalities in renal enzyme systems, Vanadium is absorbed more efficiently
by inhalation than ingestion. Estimates of oral absorption of vanadium range from 0.1 to 2%.

In general, zinc deficiencies are of greater health significance than OYEIEXPOSUre L ZiNg,
In bhumagps, absorption of zinc from the gastrointestinal tract is controlled by homeostatic
mechanisms: approximately 20 to 50% of ingested zinc is absorbed.

Health hazards associated with nitroaromatic compounds include methemogiobinemia and
toxic effects to the liver. kidneys, and nervous system. Studies in humans indicate that nitroaromatic
compouids are absorbed foilowing inbalation and ingestion, and that these compounds are capable
of penetrating the skin.

4,2.2 Ecological Heaith

The COECs include metals and nitroaromatic compounds. Metals have been reporied to
cause a variety of lethal and sublethal effects in aguatic and terrestrial biota. The tokicity of these
contanunants depends on physical and cherical factors in the environment, such as pH and the
presence of complexing agents, as well as on the specific taxon being exposed. In vegetation,
reported adverse effects of metal exposure include reduced chlorophyll concentrations, reduced
growth and biomass production, and reduced seed production and germination. In aquatic biota,
metal exposure has been shown to affect reproduction, ion exchange across gill surfaces, behavior,
and-survival of all iife stages. In terrestrial biota. metal exposure may resnit in developmental
abnormalities: renal and central nervous system damage; altered blood chemistry; altered metabolic
processes; and behavioral changes affecting foraging, susceptibility to predators, and réproduction.

Relatively linde informmation is availabie regarding the effects of nitroaromatic compounds
on natural populations of plants, fish, and wildlife. Laboratory studies have shown exposure to
nitroaromatic compounds to elicit a varety of responses in aquatic and terrestrial biota, Effects of
exposure on fish and aquatic invertebrates include increased adult mortality, teduced egg production
and survival, decreased survival of early life stages, reduced body weights and lengths. and increased
physical deformities. Adverse effects on aquatic plants may include depressed growth and cellular
deformities. Effects of nitroaromatic compounds on terrestrial wildlife may include reduced body
weights, changes in blood chemistry and cellular composition, changes in metabolic pathways and
processes, renal and liver malfuncrion, and organ necroses and lesions. Reported effects to terrestrial
vegetation include reduced leaf and root growth, reduced plant height, and leaf and root necroses.
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4.3 METHODS FOR EVALUATING RADIATION AND CHEMICAL TOXICITY

4.3.1 Radiation Toxicity

The assessment of radiological human health risks in this BRA was limited to cancer
induction. This approach js consistent with EPA guidance, which notes that cancer risk is generally
the limiting effect for radionuclides and suggests that radiation carcinogenesis be used as the sole
basis for assessing radiation-related human health rizks (EPA 1989a). The EPA has developed
guidance for radiological risk assessment that is consistent with the guidance for assessing chemical
carcinogenic risks {EPA 1989a}. Carcinogenic risks are calcuiated for the radionuclides of concern
in a manner similar to existing methods for chernical carcinogens by using an age-averaged lifetime
£Xcess cancer incidence per unit intake (and per unit external exposure). The EPA has developed
cancer incidence factors per unit intake that are synonymous with the slope factors developed for
chemical carcinogens. The slope factors utilized in this assessment are presented in Table 4.1.

TABLE 4.1 Radionuclide Slope Factors for the Ingestion, Inhalation,
and External Gamma Irradiation Pathways at the QROU

External
Ingestion Inhalation Gumma Trradiation
Radtonuclide® (risk/nCi) {risk/pCi} (risk/ye per pCifg soil}
Lead-210+D 1.0t % 107 386 x 107 1.45 x jort0
Radium-226-D 296 % 100 275 % 107 6.74 % 10+°
Rudium-225+D 248 x 10710 994 % 10710 3.28 % 107"
Thorium-2128-D 23121017 ggs w1t 6,20 % ¢
Thotium-230 3.75 % 107! 1.72 x 10" .40 % 107
Thorium-732 328 % 107" 1.93 x {07 197 = o'l
Uranium-234 344 = 1o 140 % 107 214 x 1!
Uranium-235+D 470 % 17 1.30) % 108 265 % 107
Uranium-238-D 6.20 % {0711 1.24 % 10 6.37 x tr¥

* Radionuclides marked with a “+D" indicate that the risks from associated
short-tived radicactive decay products {i.e., those with half-lives less than or
equal to 6 manths) are also included,

Saurce: EPA 1199520,
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4.3.2 Chemical Toxicity

Toxicity values have been derived by the EPA for most of the chemical contaminants of
human health concern. A toxieity value known as the reference dose (RfD) is used to evaluate the
noncarcinogenic etfects of chemicals. The chronic RfD is defined as "an estimate of a daily exposure
level for the human population, meluding sensitive subpopulations, that is likely to be without an
appreciable risk of deleterious effects during a lifetime™ (EPA 1989a). To derive an RfD value
{expressed in mig/kg-d), EPA reviews all toxicity studies available for a given substance and a given
route of exposure, determines a no-Observed-adverse-effect level (NOAEL) or a2 lowest-observed-
adverse-effect level (LOAEL) from the study most relevant to humans {the critical study), and
applies uncertainty factors to these values. The RfD can be compared with estimated exposure levels
to evaluate the potential for deleterious effects. Cumrently available RAD values are specific to either
the inhalation or ingestion route of exposure because the toXic mechanism and dose required for
toxicity to occur can ditfer for those routes of exposure. Inhalation exposures are assessed with
derived reference concentrations {RICs), which are reported in mifligrams per cubic meter {mg/m>).
An RfC can be converted to the comresponding RID (in me/kz-d) by dividing by 70 kg (an assumed
body weight) and mulaplying by 20 m/d fan assumed inhalation rate).

Carcinogeme nsks from exposore o known and potential carcinogens were evaluated
separately from nooncarcinogenic risks in this BRA because, hypothetically, any exposure to a
carcinogen increuses the risk of cancer by a finite amount. Therefore, the risk from exposure to a
carcinogen at a given level can be derived, but an expesure level at which no carcinogenic effect is
likely to occur {as for noncarcinogenic endpoints) cannot be defined. The EPA has defined two
toxicity values for evaluanng the potential carcinogenic effects of a given substance: the weight-of-
evidence classification and the slope factor. For substances that have weight-of-evidence
classiAcations of A {hurman carcinogen), Bl or B2 (probable human carcinogens), and sometimes C
(possibie human carcinogens), the EPA has calculated slope factors on the basis of data from dose-
response studies. The slope factor is defined as a “plausibie upper-bound estimate of the prabability
of a responsce (i.c., cancer) per unit intake of a chemical over a lifetime™ (EPA 1989a). Generaliy,
slope factors are derived by extrapolation from experimental high dose ranges to low doses, and they
are not valid for the evaluation of high dose levels. Also, carcinogenic risks that have been calculated
from slope factors are applicable o exposures that oceur gver a fifetime. When exposure durations
are less than a lifetime, they must be converted to equivalent lifetime vaiues. The R{D values and
slope factors of COPCs are surnmarized in Tables 4.2 and 43, respectively.
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5 HUMAN HEALTH RISK CHARACTERIZATION

3.1 RISK CHARACTERIZATION METHODOLOGY

Poleniial carcinogenic health risks resulting from exposure to radicactive and chemical
contarmination present in the quarry area were assessed in terms of the increased probability that an
individual would develop cancer over a lifetime. The EPA has indicated that for known or suspected
carcinogens, the acceptable exposure levels for members of the general public at sites on the
National Priorities List {NPL} are generally concentration levels that represent an excess npper-
hound lifetime cancer risk to an individual of between 1 x 10°8 and 1 x 10™ (EPA 1950). This range
is referred to as the “acceptable risk range™ in this BRA and is used as a point of reference for
discussing the resulls of the carcinogenic sk assessment for the QROLU.

.. Potendial health effects other than cancer from exposure to chemical contaminants were also
assessed. The quantitative measures of noncarcinogenic health effects are the hazard quotient and
hazard index. The EPA has defined & hazard index of greater than | as the level of concemn for
noncarcinogeruc health effects.

£.1.1 Radiological Risks

Exposures to tonizing radiation can result in cancer induction, serious genetic effects, and
other detrimental health effects. The predominant health concern associated with the radicactive
contaminants at the quarry area {which are primarity alpha-emitting radionuclides) 1s the induction
of cancer. The radiological health risks evaluated in this BRA were limited to this concern. This
approach is consistent with EPA guidance, which notes that, in general, the risk of cancer is limiting
and may be used as the sole basis for assessing the radiation-related human health nsks for a site
contarminated with radionuclides (EPA 1989a).

For this assessment, slope factors were used to estimate the potential risk from exposure
to radionuclides. Intakes were estimated for each exposure pathway (see Chapter 3). Radiological
risks were calculated by multiplying the intakes by the appropriate slope factor given in Table 4.1,
In addition, a radiclogical dose was calculated on the basis of measured exposure levels and a dose
conversion factor (see Chapter 3). The dose was converted to carcinogenic risk by applying a risk
factor of & x 107 /mrer. This additional calculation was performed to verify the Tesults of the
external gamma risk calculated with the slope factor approach. Justification for this nisk factor is
provided in the buseline assessment for the chemical plant area (DOE 1992).
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5.1.2 Chemical Risks and Hazard Quotients

5.1.2.1 Carcinogenic Risks

The tisk to an individual resulting from exposure to chemical carcinogens is expressed as
the probability of a cancer occurring over a lifetime. To calculate the excess cancer risk, the daily
intake averaged over a lifetime is multiphed by a chetnical-specific slope factor. The EPA has
derived slope factors for a number of carcinogens, and they represent the incremental lifetime cancer
risk per milligram of carcinogen per kilogram of body weight, assuming that the exposure occurs
over a hifetime of 70 years. The estimated daily intakes (averaged over a lifetime) resulling from
exposure to the chemical carcinogens in residual soil and ponded water at the quarry proper, surface
water and sediment at Fernme Osage Slough, and greundwater are presented in Chapter 3: available
slope factors are listed 1 Chapter 4.

5.1.2.2 Hazard Quotients and Hazard Indices

A harard quotient provides a measure of the potential for adverse health effects other than
cancer. For an individual contaminant, the daily intake averaged over the exposure period is divided
by the reference dose, or RfD, to derive the hazard quotient. The RID is the average daily dose that
can be incurred withowt an appreeciable nisk of delerericus health effects during a lifetime. The EPA
has denved RIDs for exposure perious of more than 7 vears: only chronic RfDs were considered in
this assessment.

For an individual contaminant, a hazard quotient of 1 or greater is considered to indicate
a potential for adverse health effects. The individual hazard quotients for each contarninant are
sumimed to determine a hazard index.

5.2 HUMAN HEALTH RISK ESTIMATES

5.2.1 Quarry Proper

The radiological carcinogenic health risks for a recreational visitor from exposure to
residual soils at the quarry proper are presented in Table 5.1.! The total risks resulting from external
irradiation, ingestion of soil. inhalation of airbome particulates, and dermal contact were estimated
1o be 1 x 10 for soils and 3 x 10" for fractures. The major contributor 1o the total risk was external
gamma irradianon from radium-226 and radium-228. For companson, the nsk caleulated by using
the cxposure rate measurement in the quarry proper (17 pR/h) from the pressurized ionization

U All wables in this chapter have been placed at the of the text {Section 5.3.4).
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chamber was estimated 1o be 2 x 1075, This result is consistent with the fsks calculated on the basis
of soil concentrations,

The chemical carcinogenic risks for the recreational visitor who could be exposed to
residual contamination present in the soil and fractures at the Guarry proper were estimated to he
within the acceptable risk tange. The estimated risks are | x 107 and 6 x 1078 for exposure to soil
and fractures, respectively (Table 5.2), Systemic toxicity is not indicated, as evidenced by the Jow
estimated hazard indices. ©.004 and 0.006 for soil and fractures, respectively,

3.2.2 Femme Osage Slough

The radiological and chemical carcinogenic health risks and hazard quotients estimated for
a recreanonal visiter from exposures to surface water and sediment at Femme Osage Slough are
presented in Table 3.3, The carcifiogenic health risks and hazard quotients from ingestion of fish
caught in the slough are presented in Table 5.4, The total radiological risk from all contarminated
media is below EPA's accepiable risk range. For radionuclides, the primary source of risk is from
ingestion of uranium in surface water. The radiological health risks for the recreational visitor
exposed (o contaminated surface water, sediment, and fish at the slough are 3 x 107, 3% 108, and
gx 107, respectively.

The chemical carcinogenic risks for the recreational visitor at Femme Osage Slough were
estimated toba 9 x 1077, 2 x 1077, and 3 x 10 from €xposure to surface water. sediment, and fish,
respectively. These estimates are below o at the low end of the acceptable risk range. The estirnated
hazard indices for exposure 1o surface water, sediment. and fish are all less than 1 {i.e., 0.07 for
surface water, 0.001 for sediment, and 0.03 for fish}, indicating that noncarcinogenic effects are
unlikely. '

5.2.3 Groondwater

The radiclogical and chemical carcinogenic health risks for a hypothetical resident from
Cxposure 1o groundwater are presented in Tables 5.5 and 5.6, respectively. The estimated hazard
quotients are presented in Table 5.7 for metals and Table 5.8 for nitroaromatic compounds. Risks
and hazard quatients were estimated for ingestion of and dermal contact with groundwater for each
monitoring well. Because thee is no current or futtire receptor to groundwater undetiying the quarry
area, these estimates are provided for informational purposes only.,

The estimated radiological risk for a hypothetical resident from exposure te groundwarer
ranged from 2 x 1077 to 6 x 1073, The hi ghest risks were calculated for MW-1006 and MW- LOOE.
Wells with risks greater than 1 x 10°* are located nowh of the slough in the area directly south and
southeast of the quarry. Estimated risks for wells located south of the siough were below | x 107,
For comparison. the risk estimared for background levels of uranium is 5 x 10°¢.




The estimated chemical carcinogenic fsks te the hypethetical futuce resident were at or
below a risk of 1 x 107, The major contributor to risk was 2,6-DNT. Hazard quotients greater tham 1
were estimated for wells north of the slough due to high levels of uranium. Levels of 1,3,5-TNB
also contributed to a hazard quotient greater than | in three wells located north of the slough. A
hazard quotient greater than 1 was also indicated for several wells due to low levels of thallium.

5.2.4 Multiple Exposure Pathways

A recreational visitor at the quarry area might be exposed to contarminanis in several media
at multiple locations via multiple pathways (e.g., the same individual could be expesed to residual
contaminants at the quarry proper and to contaminated surface water, sediment, and fish at Ferme
Osage Slough). Potential exposures across multiple locations and pathways can be estimated by
adding risk estimates for the reasonable maximum exposures for the individual locations, as
presented in Sections 5.2.1 and 5.2.2. From this approach, a recreational visitor exposed to contami-
nants at the quarry proper and at Fermme Osage Slough could incur a total radiological carcinogeme
risk of approximately 3 x 107, The total chemical carcinogenic risk and hazard index for this
receptor were estimated te be 4 x 10 and 0.05, respectively.

5.3 UNCERTAINTIES RELATED TO RISK ESTIMATES

The evaluation of risks to human health presented in this BRA was by necessity based cn
a number of assumptions. In addition. many uncertainties are inherent in the risk assessment process.
The rationale for major assumptions used n this assessiment and associated uncertainties are
discussed int Sections 5.3.1 through 5.3.4,

5.3.1 Contaminants of Potential Concern

The idenufication of COPCs for the hurmnan health evaluation relied on assessing infor-
mation or data collected from characterization and monitoring activities performed for the QROUL
Data used in the BRI (MK-Ferzuson Company and Jacebs Engineering Group 1997) to establish the
nature and extent of contaminarion in the quarry area were considered to provide an adequate
database for identifying COPCs with sufficient cerainty.

The screeming process described in Chapter 2 was performed to screen out those con-
stituents considered to be essential nuirients or those detected at very low frequencies and concen-
trations. A concentration/toxicity screen was not perfommed, so the number of contaminants carried
through the nsk assessment was oot Hmited. Uncertainty related to identifying COPCs 15 considered
low {see Secrion 2.2




5

5.3.2 Exposure Assessment

The amount and type of data available and the ability to address fate and transport impacts
over time affect the determination of representative exposure point concentrations. The quantity of
data available has been determined to be sufficient for this risk assessment. Exposure point
concentrations used to project current and future risks were based on current concentrations. This
approach is considered to be conservative. With removal of the bulk waste {the main source of
contamination} having been recently completed, it is expected that the ¢oncentrations of the COPCs
will decrease with time. :

Sorme uncertainty is associated with the assumptions used to identify exposure scenarios
and intake parameters. Site-specific factors, including fate and transport determinations, were used
1o identify the potential receptors and to select the scenario assumptions, such as extent of exposure
(exposure time, frequency, and duration). These assumptions incorporated information on current
land use and reasonable projections of future land use that consider the time frame of the assessruent.
The uncenainty in the selected scenarios (i.e., recreational visitor at the quarry proper and at Femme
Osage Slough) is low because federal and state ownership of surrounding land is expected to
continue in the foreseeable future. The surrounding wildlife areas are the most heavily used in the
state, and future plans include further expansion of the recreational use of the area. Therefore, 2
recreantional visitor scenario was considered appropriate for both current and future conditions.

Exposure to contaminated groundwater was determined to be an incomplete pathway (see
Chapter 3). Nevertheless, estimates providing upper-bound information on the potential risk from
possible ingestion of and dermal contact with groundwater by a hypothetical resident are presented
in Section 5.2.3, Currently, contact with groundwater within the quarry area itself does not exist, and
future contact is considered unlikely on the basis of continued recreational land use of the area,
Further. the low water yields determined in the area would not be expected to support any sustained
use of the shatlow groundwater, even for recreational purposes (e.g.. a dnnking water station).
Finaily. any future influence from the quarry ares would not likely change conditions that now exist
at the county well field. To date. concentrations of uranium (the primary COPC) have been observed
to decrease significantly south of the slough and are not affecring the well field. This condition can
be attributed 10 high sorption of uranium in the fine-grained alluvium north of the slough. high
dilution in the coarse-grained aituvium south of the slough, and a natural redox front that causes
precipitation of uranium compounds (see the RI [MK-Ferguson Company and Jacobs Engineering
Group 1997] for further discussion).

The approach used to calenlate the dermal pathway tends to be conservative in that critical
contaminant-specific factors such as absorpiion fractions and permeability coefficiants are not
available. Only dermal absorption of PCBs from soil could be directly quantitied because an
absorption fraction faclor is available for this compound. As a result, bounding upper-limit risks and
hazard indices were estimated for sediment and soil on the basis of absorption through the gut.
Default vales for permeability coéfficients were nsed for surface water calculations. These results
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are intended to provide a means of comparing the significance of this pathway to that of other
exposure pathways evaluated in this assessment.

Considerable information is availabie for the ingestion pathway with respect to reasonable
assumptions for intake parameters (e.g., ingestion rate), s¢ related uncertainty is expected to be low.
To estimare the reasonable maximum exposures for the identified receptors, best professional
judgment was used in defining the variables that determine the exfent of exposure, Intake parameters
used in the exposure assessment were derived from data in the literature, including values provided
by the EPA (198%c, 1951, 1995b). Because each of these values generally represents the 35th
percentile of the distribution for that parameter, combining them results in a value that represents
an even higher percentile for the overall exposure. Thus, in some cases, the “‘reasonable”
representative exposure may be somewhat overestimated.

5.3.3 Toxicily Assessment . -

Standard RfDs and slope factors established by the EPA were used to estimate potential
noncarcinogenic and carcinogenic health effects from exposure to chemical contaminants at the
QROLU. Neither an RfD nor a slope factor is currently available to evaluate the potential health
effects of aluminum. cobalt, lead, molybdenum, silver, and strontium. Potential effects of lead were
determined by using the Uptake Biokinetic Model provided by EPA. The results indicate that the
levels of lead reported would not contribute to undesirable levels of lead in the blood of young
children. Potential toxicity (likely to be low) from aluminum, cobalt, molybdenum, silver, of
strontium is not expected to alter the overall risk conclusions presented in this report.

5.3.4 Risk Characterizatien

The radiological and chemical risk assessments have been presented separately because the
methodologies for estimating the carcinogenic risks from exposures to radionuclides and chermcals
differ considerably. However, the total carcinogenic risk to an individual 1s that resulting from
exposure to both the radiological and chemical risks, assurning that carcinogenic effects arc neither
antagonistic nor synergistic,
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TABLE 5.1 Estimated Radiological Carcinogenic Risks for the Future Recreational
Visitor at the Quarry Proper

Radialogical Carcinogenic Risk

Exposure
Unit Radignaclide? External®  Ingestion® Dermal Inhalation Total
Sail Radium-226 6108 7% 108 %% 0¥ 1% 107H 6 x 100
Radium-22% x|t 1k 10r" 2w 107" 4x 107 9 109
Thorium-230 T 2k’ 4x 100 1 x10° 2x 107
Thorium-232 1x 1077 5% 07 1x WP 45 il 5% 10°
Uranium-238 1% 167 4% 1ok Ix 10719 z2x1pt? 1% b7
Total RE 4% 107 1107 2% 108 1 x 107
Fractures  Roadiem-226 1 x 1077 1% 107 Nad 2w gl 1% 107
Radium-278 2% 107 2107 NA 7 % 10710 2% 1%
Thorium-230 I x 107 2 % 16F7 KA 2% i0? 2% 1077
Thorium-232 $x 10! 2% 107 NA 2% 10710 7 x 168
Uranium-238 4x 107 2% 407 Na 7x iyl? 6x 107
Total 3% 1077 7% 17 NA 4% 107 3% (7

* Estimated risks tor radium-226 include the contribution from Tead-210; fisks for radinm-225%

include the contribution from thorium-228: and risks for tranium-73% include the contribution
from uranivm-234.

P The estimated risk from external radiation calculated on the basis of exposure rate measurerncnts
in the quarry properis 2 x 107

¥ The risk from ingestion of water from the quarry pond is estimated to he 3 x 107, primarily from
uranium.

d

INA = not applicable: the dermal pathway was not considered for quarty fractures,
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TABLE 5.4 Estimated Hazard Quotients and Carcinogenic
Risks for Ingestion of Fish from Femme Osage Slough

Harard

Lifetime
Contaminants Quotient Carcinogente Risk,
Radisnuclides
Uranium, total NAP g% 10
Chemicals
Metals
Arsenic 0.01 3x 100
Lead INA NA
: M&rcury : 002 KA
Uranium .00 MNA
Total chemicals” 0.03 3% 1078

* NA = not applicable.

t Radiplogical and chemical risks are not summed because of
methodolopical differences,
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TABLE 5.5 Estimated Radiological Carcinogenic Risks
for the Hypothetical Future Resident®

Wl ID Uranium Risk Weall ID Uranium Risk
North of Slough Sonth of Slough

MW 1002 7x 108 MW-1010 §x 107
MW- 1004 63 1 MW-1011 1% 107
MW-1005 4% 1y’ MW- 1017 31x 107
MW-1006 6 x 107 MW-1013 3x 108
MW 1007 1x 10°* MW-1019 9 x 108
MW- 1R 6x 107 MW-1020 § x 10°°
MW- 1009 3% 107 MW-102] 2% 10°%
MW-101F . 2w 10t C O MW.I022 2% 107¢
MW-1014 2% 197 MW-1023 3% 10
MW.1DL3 éx 107 MW-1033 Tx 1t
MW-1016 4x 107 MW 0dd 6x 107
MW-1005 2x 107 RMW-1 3% 108
MWL 027 8 x 107 RMW-2 I x 102
MW | 028 6% 10F RMW-3 2x 108
MW 1029 4x10° RMW-3 5x 08
MW 1030 1= 1t

MW-1031 3x 107

MW 032 % 107

MW 1313 1= 10"

MW-1036 1% 10%

MW_1037 4x 105

BW-1038 7x 108

MW 10139 1% 10®

MW M0 12107

MW 1041 8 x 100

MW-10:3 | 105

MW-1046 5% 107

MW M7 6 107"

MW-1043 4%t

MW 1040 g% ¥’




73

TABLE 3.6 Estimated Chemicai Carcinogenic Risks for the
Hypothetical Future Resident®

Estimatad Risk

Wall (D 246 TNT  24DNT 26-DNT Totat
MW 1002 1% 1075 Ex 10 1x o 1104
MW_1004 3x e 6 1o 7x 158 I 108
MW- 1003 b - - -
MW 1006 dx 158 4x 108 2% 107% Ix 1S
MW- 117 Ix |od - 2% 107 2y 107
MW 1008 T 1% - 3x b’ 43 1077

MWD - - - -
MW-1013 - Bx i’ 1% 107 el
MW-1014 - - - -
MW.1013 1x Li® 23 17 2%10% 3w Jo¢
MW-1016 110" - 4107 5x107
MW 1026 - - - -
MW-1027 43 107 Ix 157" 2x 107 S 1S
MW-1008 - - - -
NW-1029 - - 9 x 108 9 7"
MW 1030 B0 2at” Ixi07 5x 107
MW.103; - - - -
MW 1032 1x 107 2wt 6x 107 3 0%
MW.1035 - - - -
MW-| 036 - - - -
Mw-1037 - 1= 107 - 1= 107
MW.1078 - - - -
MW-1039 - - - -
MW -] 60 - - - - :
MW.104] - - - -
MW_| 05 - - - -
SW-1046 - - .- -
MW-1 047 - _ _ _
MW- 1048 - - - _
MW- 049 - - - -

Nitroaromatic compounds were not detected in wells ipcated south of the
slough.

YA hyphen (=) indicates that the comund was pof detectol,
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TABLE 5.7 Estimated Hazard Quotients for Metals for the Hypothetical
Future Resideni

Estimated Harard Cuaticnt

Weall [ Banun Cadrniurt Cheotuuk Capper Banganese Mercury
Nortk of Slough
bW - FINID 0.5 = (I AP - {065 -
MW - 10414 0.1 - - LRIV 4067 -
bW -0 5 - - - - - -
bW - LA 4020 3017 ERH LRIIL {43 -
bW - §OAIT 13 - - RN s -
MW -LC0E 0.032 - - 004 Ll -
MWL 005 013 - - LR LTI a7 -
MW L0L2 a07e - - - r12 -
MW-1014 {1.053 - - 00036 0033 -
MW LLS al - - Q.2 B 1% -
MW L0LE 0064 - - [EARE R R 04z -
MW-1026 A.16 - - 0.013 .38 -
MW -1027 047 - 0029 .03 0ol -
MW - LS 014 - - - 16 0415
WA LG 0.044 - (.040 Q.Ex 2014 -
MW -LG30 .07 Oy LR Q.018 023 -
HW- 101 1K1 - - - (03 -
MW 1032 (3T - - 00051 22 -
W -1035 .12 1003 12059 - .14 -
AW -LSA 0,056 OGS 0081 {1.0KkE3 L3 -
M [037 d.1a BaDES .11 a1 .34 -
MW (38 013 - 0053 LAY (089 -
MWL Y .21 - 00024 0 06 .51 -
MW - LD 015 a1z 0055 .0 .23 -
WAV Lk 317 015 053 - . -
MWL LM3 013 - (3043 QT .15 -
MW 1046 0.087 - (0al QU (038 -
MW 1047 0.2 - .07 0.0 (.01} -
hERUBTIGE 0.4 - h.05s 1.0 oLl -
M- 1044 043 - [HHeNT) MNLIEY 1% -
Estmzaned Flasard Cuctienl
Well 10 ickel Thalliom Llranium Yanmwdium Zing Total

Marth of Slough (cont. }

MW L0002 0024 - s - [k CHNITT 0.1%
MW 1004 00233 1.3 43 - 0OGEd 49
MW 1005 - - o - - 30
MW LK - 1.3 42 .44 [hCHEES 4%
MW 1007 - 2% 53 01l (ERE PRy 4.6
MW 1008 - - 47 013 (.0027 %
MWL 100% - 24 (.26 AR QG20 LR
WIW-ITH 3 - - 12 - (ERA[H K iz
MWL - - L3 - BRIk I3 15
Aw- {18 - 1.1 4.5 Q.03 (061 6.1
WIW -1 - - 18 0.2 0.00a3 30
MW -125 0028 - 000 [+ 053 G001 063
SW-1027 - - 38 0.057 0.00a5 54
MW 1028 - . .02 - 0.0 22
MW-1029 0a1E 123 [hiyay L 0022 1.1
%103 0053 16 b7 LNLEW [ERIIR 35
MW 1030 - 1.7 Ik - Q.HNG] +.1
MW 1052 0024 - L+ - [ERLY 1151 14

MW -T055 - - 0076 (.01 .00 84 033




TABLE 5.7 {Cont.)

Estimated Hosan? Cruaosient

Well ED tickel Thlliuny LCranivm ¥anadivm Zinc Tara
Nentk of Slongh icani.)
hW-1036 D .0057 - {11 00 00014 (.40
w1037 - - B028 02T 00K 3 {56
MIW-1038 - - 0053 RLAVEXS 0038 038
M W-1434 - - 00084 oIz (R T ] 0.6
MWw-140340 G025 15 LR 013 000G 22
MWw-1441 000 - [ERLT| - [ERCHES 0.4
MW-15 0.05] - G.O7e b.[6 00049 075
HMW-1136 0026 - 038 0072 00055 0.5
WW-1047 0020 - 0. 0473 00040 0.53
MW 1045 - - 23 0.6 0Ol 34
MW 1040 218 - PRI T Q.053 00042 0,50
Estmated Harard Quotient
Well 10 Barium Cadmium Chrortdum Copper M angarese Mercury
South of Sleughk
MWD nia - - LRNI .24 -
MW-1001 0.044 - - 0025 LLEIE -
MW LT (.35 - {048 {00348 Xy -
M- 101 a2 - 0033 00062 16 -
S LG 024 - 0.037 KGR oy -
S - L0 .14 - - RLILI AT .47 -
wivy - 102] 4908 - 0.021 HO0GE 13 (o -
MWL LG22 219 - - IREAR ) o1l -
MWL 1023 LI - RS o2l E -
W% 1033 n 3o - {028 [3.0d132 025 -
S [ikd .24 - (.04 0025 ols -
EMW-1 .24 - (054 Ry ) 0,36 -
RN -2 .15 - 0O - orr -
RAIW-3 n.l1g& - - - - -
AW -a 014 - - - -
Estnnared Hazard Quarient
Well ED Nickel Thatkuim Uranium Wanadium Zinec Toal
South of Slonph {cunr)
AW 1010 - - 0. K RIK 0_KIFTS 038
MW-1011 - - 0.6 0.0a7 - 019
MW7 [1.026) LB (.00 0.052 LIRES] |
M- 0.02% 1.7 Q.05 0.033 00043 kel
MWl - 0.0 003 1.041539 .13
MW 1020 0415 L2 0.1 0.053 o 1.9
3 W-1411] 0414 L. 0.052 0.131 {0034 iz
MW-122 [ARIR L] — oo L35 0O R .32
HW-1023 0.037 1.4 LS &2 .010 20
AMW-10133 NIE - a.0351 - 0.0GLS 0an
-1 (s - .02 {045 3.0057 0497
RALW - f.a28 - a.071 - (3.0033 a0
RMW.2 - - .04 - 00031 0.43
RhPW-3 - - 1015 - - 0.9
F 3 — - - 1.035 - - LN ¥

i

A hyphen {-} indicates {he parometer wias not detected
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TABLE 5.8 Estimated Hazard Quotients for Nitroaromatic Compounds
for the Hypathetical Future Resident”

Estimated Hazard Quotiznt

WelilD  135-TNB 1,3-DNB 246 TNT 24-DNT  26DNT  Toul
MW -1002 &7 0.12 19 0.0018 033 89
MW - 1004 0.61 0.17 0.54 0.0097 0.026 14
MW-1005 b - - - - -
MW-1006 A3 0.038 0.64 0.0062 0.064 69
MW- 1007 0.15 - 0.0043 - 0.00065 015
MW- 1008 0.063 - 0.011 - 0002 0075
MW 1009 - - - - - -
MW- (013 - - - 0.00051  0.0K36  0.00087
hMW-i014 - - - - - -
MW-1015 41 0043 .16 0.0004 00058 4.3
MW-1016 (.27 - 0.017 - 00013 D29
MW-1026 - - - - - -
MW-1027 0028 - 0.062 0.059 0.06 0.21
MW _I02R - - - - - -
MW -1020 - - - - 000031 G.0031]
MW_1030 - - 0.0012 000035 - 000087 00024
w103 - - - - - -
MW-1032 069 - 0.024 00037 00019 0099
MW-1035 - - - - - -
MW-1036 - - - - - -
MW-1037 - - - 0.00024 - 0.00024
MW LD - - — - - —
MW-1039 - - - - - -
MW-[ (44} - - - - - -
MW 01 - - - - - -
MW 1043 - - - - - -
MW-1046 - - - - - -
MW-1047 - - - _ - -
MW-1048 - - - - - -
MW 1149 - - - - - -

T Niwpurotnatic compounds were nat detected in wells located south of the slough

boa hyphen {~} indicates the parameter was not detected,




77

6 ECOLOGICAL RISK ASSESSMENT
6.1 SCOPE

6.1.1 Ohjectives

The principal ecological resources associated with the QROU are the terrestnal habitats at
and south of the quarry proper and the aquatic habitats present at Femme Osage Slough and Little
Femnme Osage Creek. The ecological risk assessment for the QROU was designed to {1) determine
whether current or future conditions in these habitats pose & potential adverse risk to terrestrial or
aquatic biota and (2) idemify if remediation {for protection of ecological rescurces) or further
ecological investigation might be warranted. The results of this ecological risk assessment will assist
DOEL in the decision-muking process for the QROU and, if remediation is warranted, will provide
baseline ecological data to aid in the development of remedial action objectives and the screening
and evaluation of ~emedial alternatives and technologies.

6.1.2 Assessment Approach

The QROU ecological risk assesstnent approach was based on and is consistent with the
EPA Framework for Ecological Risk Assessment (EPA 1992b} and generally follows current EPA
guidance for conducting ecelogical risk assessments {EPA 1989b}. The approach consists of four
phases: (1) problem formuiation, (2) etfects assessment, (3} exposure assessment. and (4) nsk
characterization. The resulis of the problem formulation phase for the QROU — which identified
the rationale, approach, methods, and goals of the risk assessment — are presented in the work and
sampling plans prepared for the QROU (DOE 1994a-b). The effects and exposure assessments were
conducted with a combination of field investigations and uptake modeling, as well as evaluations
of existing site and literature data. The field investigations conducted in support of this ecological -
risk assessment included surveys of terrestrial vegetation, small mammals, and threatened and
endangered species; the methods used are described in the QROU sampling plan (DOE 1994b). The
results of these surveys were nsed o evaluate population status and community structure of
vegzetation and wildlife that occur at or utilize the slough and quarry areas.

Existing data evaluated for this risk assessment included the results of tissue analyses of
fish collectad from Fermnme Osage Slough and of small mammals collected from the terrestrial
habitats in the vicinity of the quarry proper. These data were used to quantify exposure to contami-
nanis thai might be present at the site. Exposure of wildlife species was also estimated by modeling
contaminant uptake. Contaminant uptake was estimated in accerdance with EPA guidance (EPA
1993). An applied daily dosc (ADD) or a daily radiological dose to selected receptors was calculated
for all appropriate exposure pathways from contaminated sediment and surface water. The equations
and assumptions used to model uptike are discussed m detail in Section 3.4,




6.1.3 Risk Determination

Two approaches were used to estirpate risk to ecolagical resources: (1) weizht-of-evidence
and (2} ecological effecis quotient (EEQ). The weight-of-evidence approach (EPA 1992b) uses
multiple lines of evidence to make a gualitative determination of whether a site poses a risk. For
example, if the results of all field evaluations showed that adverse effects had occurred at the site,
the determination would be that the site poses a risk to ecological receptors. Alternately. if no
adverse effects were identified, the determination would be that the site poses no risk. Esumation
of ecclogical nisk by the EEQ method is analogous to using the quotisnt method to estimate
noncarcinogenic human health dsks (EPA 1989a). In the EEQ} approach, the measured media
concentration or predicted daily dose of a contarninant is compared with a benchmark media or daily
dose concentration that represents a “safe™ concentration. The ratio of the media/dose concentration
to the benchmark value 15 the EEQ) and provides the risk estimate; if the EEQ exceeds a value of 1.0,
an adverse effect 18 considered likely to ocour,

6.2 ECOLOGICAL CHARACTERIZATION

The following discussion presents a brief overview of the ecological setting of the QRGU
and the ecological resources known or expected to occur at or utilize habitats in the vicinity of the
QRO Detailed information on the ecological resources of the area is provided in the QROU RI
report {MK-Ferguson Company and Jacobs Engineering Group 1997},

The QROU 151 the Ozark Border Physiographic Province (Johnson 1987), which includes
a narrow band along the lower Missouri River and the eastern edge of the state along the Mississippt
Kiver. This province has mgged hills and bluffs with deep, rich soils; deciducus forests; wide river
valleys; and steep-sided sundstone canyons. Much of the land surrounding the quarry is part of the
Busch Conservation Complex. Vegetation at the QROU is dominated by second-growth forest —
upland oak-hickery forest immediately around the quarry proper and cottonwood-sycamore
botiomland forest seuth of the quarry proper. The St. Charles County well field land. focated south
of the quarry proper and between the Missouri River and Femme Qsage Slough, consists primarily
of agricultural land.

The principal aquatic habitats potentially affected by site-related contaminants are Lirtle
Femme Osage Creek, Femine Osage Creek. and Fermune Osage Slough: wetland habitats occur along
each of these surface waters. Femme Osage Slough represents the most significant aguatic habitat
associated with the QROU. This slough 1s 2 man-made oxbow lake that was formed when Femme
(rsage Creek was rerouted to flow south and east around the southem end of the well tield, rather
than along its htstoric east-northeast path to the Missoud River.

The Busch Conservation Complex contains a varieiy of habitats and supports a diverse
wildlife. As part of the RI characterization of the QROU, surveys were conducted of reptiles and
amphibians (herpetofauna), birds, and vegetation to identify biota that actually occur at or utilize the
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operable umt. In addition, fish and small mammal populations have been investigated in the past in
support of the environmental monitoring program for the Weldon Spring site and as part of the
Missouri Department of Conservation management activities at the Busch Conservation Complex.
These data are presented in the Rl report for the QROU {MK-Ferguson Company and Jacobs
Engineering Group 1997). The biotic surveys at the QROU and vicinity have identified a diverse
flora and fauna. compnsing species typical of similar habitats throughout the Midwest.

The U.5. Fish and Wildlife Service (Frazer 1993) has identified the poiential for five
federal-listed threatened or endangered species to occcur in the vicinity of the QROU: three birds
{bald cagle, peregrine falcon, interior least tern), one fish (pallid sturgeon), and one plant {decurrent
false aster). The Fisn and Wildlife Service has alse identified several candidate species as possibly
occurning in the area. The Missouri Department of Conservation has identified 13 state endangered
and 19 state rare species for St. Charles County {Gaines 1988; Dickneite 1988; Fige 1991).
However, many of these species are not expected to occur at the QROU area. Some of these species
only pass through the area during migration. For other species, suitable habitat is absent from the
quarry. To date, only the bald eagle has been observed in the vicinity of the QROU (MK-Ferguson
Company and Jacobs Engineering Group 1997), and all of those eagles were sighted near the
Missouri River and away from the quarry proper.

6.3 CONTAMINANTS AND RESOURCES OF ECOLOGICAL CONCERN

6.3.1 Media and Habitats of Concern

The media and areas of focus in the ecological risk assessment are surface water and
sediment in Femme Osage Slough and Little Fermnme Osage Creek. Summaries of characterization
data for these media are presented in Section 2.1,

6.3.2 Ecological Receptors and Exposure Pathways

The ecological receptors considered for this risk assessment were those species that inhabit
or directly use Fernme Osage Slough or Little Femme Osage Creek. Exposure of biota at these
fabitats to contanminants might occur by dermal uptake, ingestion of contaminated media, and food
chain uptake. Fish and aquatic invertebrates would be the most likely biota to be exposed to, and
adversely affected by, the contaminants in the slough and creek, and the principal exposure pathway
would be dermal contact. Ingestion of contaminated sediments represents an additional exposure
route for bottom-dwelling fish spectes that forage on or in sediments. '

Dermal absorption also represents the principal exposure pathway for amphibian species
that inhabit the stough or creek or use these habitars for reproduction. Among the reptile species
observed or expected to occur at the QROU, only semiaguatic species such as the northern water
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snake and turtles would likely be exposed to contaminants at the slough or creek. For these species,
food uptake, dermal uptake, and incidental ingestion of surface water and sediment represent the
principal exposure routes. Birds that rest or forage at the slough and that might be exposed tw
contaminants include waterfowl, shorebirds, and wading birds. Possible mammalian EECEPLOLS
nclude terrestrizl species, such as the white-tailed deer, that might come to the slough or creek o
drink water. Among the threatened or endangered species, the bald eagle might forage at the slough
on fish or waterfowl, and the principal exposure pathway for this species would be ingestion of
contaminated food.

Although terrestrial biota might enter the quarry proper on cccasion, the quarTy pmvzdes
little suitable habitat for vegetation or wildlife. During previous remedial activitics, the quarry has
been excavared to bedrock, and little or no soil remains to support vegetation. Exposure of vegetation
or wildlife would be largely limited to contact with residual materials Temaining deep within the
cracks and crevices in the quarry walls and floor, and thus is not considerad to represent a significant
EXposure route to ecological resources. Terrestrial wildlife might also utilize the quarry pond as a
drinking source. However, the overall absence of suitable habitat within the quarry and the
abundance of other drinking water sources in the area likely preciudes more than very occasional use
of the quarry pond by area wildlife. Furthermore, ponded water within the quarty is collected in the
sump area and pumped to the quarry water treatment plant for treatment, thereby largely eliminating
the potential for exposure of wildlife. Restoration of the guarry area, which is currently in the
planning stages. will likely include engineering to prevent refilling of the quarry pend, as well as
backfllling of some portions of the quarry with clean fill material, thus further reducing the potential
for wildlife exposurc. Therefore, the ecological risk assessment did not evaluate risks to ecological
resources from potential exposure to surface water or soils within the QUALTY Proper.

6.4 EFFECTS AND EXPOSURE ASSESSMENTS

The estimation of ecological risks included assessment of both effects and exposure. The
purpose of the effects assessment was 1o document whether adverse impacts have occurred or are
currently occurting at the site, The effects assessment in this ecological risk assessment was based
primartly on qualitative and quantitative surveys of vegetation, fish, and wildlife that have been
conducted in the past and specifically in support of the RI/FS process for the QROU. Exposure was
evaluated on the basis of measured rissue concentrations of contaminants in fish and small mammals
collected from the QROUL as well as modeled uptake and predicted daily doses to selected
ecological receptors. Details regarding the surveys and tissue analyses are presented in the QROU
sampling plan (DOE 1994b) and the Ri report (MK-Ferguson Company and Jacobs Engineering
Group 1997). The results of eiffects assessments and exposure assessments are discussed in
Sections 6.4.1 and 6.4.2, respectively.

-H'.ﬁ".
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6.4.1 Effects Assessments

The evaluation of actual adverse effects to ecological resources at the QROU was based
primanly on the resulis of the biotic surveys that have been conducted at the site (MK-Ferguson
Company and Jacobs Engineeting Group 1997). The results of the fish, herpetofauna, and bird
surveys indicate the presence of relatively diverse communities consisting of species that would be
expected to occur in the area. There are no obvious signs that these populations have been adversely
affected by contamination associated with the QROU. In addition, no specimens collected or
observed have exhibited external signs of abnormal conditions such as tumors, skin lesions, or
physical deformities.

No adverse effects to the small mammal populations at the QROU are evident. The small
mammal community at the site comprises species that are common to the area. No significant
differences have been detected in the density of the most abundant species {deer mouse, the only
specics 50 evaluated) among the QROU and reference sites (Bethel et al. 1993), and no specimens
have been reported to exhibit external abnormalities. Although the sex tatio of deer mice differed
between the QROL and reference populations, the sex ratio of many populations gaturally deviates
from a ratio of 1:1 males to females. Also, the 3.8:]1 sex ratio reported for the QROU might be
normal for these populations. Furthermore, there is ne evidence thai the observed sex ratio is due to
contamination or that it reflects an adverse effect.

6.4.2 Exposure -Assessments

Potential exposures of terrestrial biota were evaluated on the basis of tissue analyses and
uptake modeling. Results of the tssue analyses of smal mammals collected from the QROU area
and of fish collected from Femme C)sagc Slough are summarized in Sections 6.4.2.1 and 6.4.2.2,
respectively. The resuits of the uptake modeling for estimating daily contaminant doses to selected
terrestral and aquatic receptors are summarized in Section 6.4.2.3.

6.4.2.1 Small Mammal Tissue Concentrations

Small mammals collected from the QROU area were analyzed for whole-body radionuclide
concentrations {Bethel et al, 1993). Reported tissue concentrations are listed in Table 6.1. Tissue
concentrations of radionuclides in all samples collected from the QROU locations were Iower than
the corresponding soil concentrations, and a weak negative relationship between tissue and soil
radienuchde concentration was indicated. In contrast, the reported tissue concentration of
radium-228 (5.9 pCi/g) exceed the soil concentration of this radionuclide (3.1 pCifg) at the reference
site located on Fernme Osage Creek upstream of its confluence with Little Femme Osage Creek.
Specimens collected for tissue analysis were also dissected and examined for gross abnormalities;
none were reported.
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6.4.2.2 Fish Tissue Concentrations

Tissues from fish collected in the Weldon Spring area have been analyzed in a number of
investigations associated with monitoring of the Weldon Spring site; the results of those studies are
documented in other reports (MK-Ferguson Company and Jacobs Engineering Group 1993, 1997).
More than 190 fish were collected and analyzed from 1987 to 1993 from a number of habitats,
including Femme Osage Slough. Fish were also collected and analyzed from Lakes 33 and 37 in the
Busch Conservation Area to provide backeround reference data. '

Fish collected from Fernme Osage Sleugh for tissue analysis included the bigmouth buifalo,
vellow bullhead, white and black crappie, common carp, largemeuth bass, and sanfish; tissues were
analyzed for total uranium, lead, arsenic, and mercury. Fish collecied from the reference lakes
included the common carp, largemouth bass, sunfish, crappie, and channel catfish, Carp, buffalo, and
bullhead are bottom-dwelling species that forage directly in and on the sediment, whereas the
largemouth bass is & top predator. The results of the tissue analyses are summarized in
Section 2.1.2.3, and dertails regarding the species sampled and the samphing and analysis methods
are presented in the RI report (MK-Ferguson Company and Jacobs Engineering Group 1997).

With a few exceptions, tofal uramium concentrations in fish samples from Femme Osage
Creek were similar to the concentrations repeorted for fish from the background lakes. Bass and carp
fiflets and whole catfish and sunfish from the creek exhibited toral uranium tissue concentrations
greater than those reported from the reference lakes. Concentrations of arsenic and lead were also
elevated in some creek-derived sampies. especially lead in whole sunfish. The total uranium tissue
concentrations reported for fish from Femme Csage Siough were within the range of tissue concen-
tralions reported in the literamre for fish collected from contaminated and background locations with
which no adverse effects were associated (see DOE 1992, Appendix D).

6.4.2.3 Modeled Contaminant Intake

Dose modeling was used to estimate exposure of selected receptor species for which na
tissue analvsis data were available. The modeling was performed to estimate contarninant uptake
from ingestion of surface warter. meidental ingestion of sediments, and ingestion of food. Although
dermal exposure might represent an exposure route for some ecelogical receptors at 1he site, values
for many of the parameters required for estimating dermai absorption by wildlife have not been
estimated (EPA 1993}, Thus, doses from dermal exposure were not estimated for this risk
assessment. For Femme Osage Slough, dose modeling for uptake of chemical contaminants was
performed for the mallard duck, great blue heron, bald eagle. and white-tailed deer. For Litie
Fermme Osage Creek, cherical contarminant dose modeling was performed for the white-tailed deer.
The methods used to model contarninant uptake are summarized in Section 3.4, and detailed
information is given in EPA (1993). For radiological intake, dose modeling was performed for all
receptors to estimate radiclogical doses from the ingestion of surface water and sediments. Food
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ingestion was not considered a significant pathway for radiological contaminants and was not
gvaluated by dose modeling.

6.5 ECOLOGICAL RISK CHARACTERIZATION
6.5.1 Risks to Ecological Resources

6.5.1.1 Ecological Effects Quotient

Foltowing estimation of a dose, the potential for adverse ecological effects to the receptor
species was estimated by examining the ratio between the predicted dose and a contaminant-specific
benchmark value that represents a safe dose. This ratio is cailed the ecological effects quotient, or
EEQ. Vaiues of the EEQ may vary from zero to infinity, with values greater than 1.0 considered as
demonstrating a potential risk to the receptor from the predicted dose. Values between 1.0 and 10
indicate a low potential risk of adverse effects and are generally considered to indicate acceplable
risks. Values berween 10 and 50 indicate a moderate risk, values between 50 and 100 indicate high
risk. and values greater than 100 indicate extreme risk.

Estimation of the EEQ requires the use of benchmark values that represent contaminant
concentrations considered to be acceptable (“safe’™) for biota. Benchmark values are contaminant-
and species-specific; typically represent NOAEL concentrations; and may inciude media concen-
trations. food concentrations, tissue concentrations, or dose estimates. Benchmark values used for
estimating the EEQ included EPA (1996) surface water and sediment ecotox threshold values and
literature-derived values from a varety of sources {such as Sample et al. 1996; Suter and Tsao 1996;
10 CER Part 834; Jones et al. 1996; Talmadge and Opresko 1996).

The EEQ} is calculated with the following equation:
EE() = Estimated Dose = Benchmark Dose . or
Measured M < Benchmark MC |
where:

EEQ = ecological effects quetient;

Estimated Dose

estimated ADD or radiclogical daily dose;

Benchmark Dose = ADD or radiological daily dose reported to produce no
adverse effect in the receptor species:
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Measured MC reported contaminant concentration in media of concern; and

Benchmark MC = media concentration reported to produce no adverse effects
in, or be protective of, receptor species.

Suitable benchmark values were not available for some of the contaminants of ecological
concern at the QROU, and estimation of an EEQ value for those contaminants was not possible.
Benchmark values used for this risk assessment are presented in Table 6.2. The estimated EEQ
values and risk estimates for surface water and sediment are presented in Table 6.3.

At Femmme Osage Slough, most of the COECs for which benchmark values were available
are present in the surface water and sediments at concentrations that pose a low risk to aguaric biota
{Table 6.3). However, an extreme potential for adverse effects is indicated for uranium. and a high
risk 1s indicated for aluminum and barium in surface water at the slough. For Little Fernme Osage

regk, bariurn concentrations in surface water pose a high risk to aguatic biota. Low or no risks are
indicated for the other contaminants {Table 6.3).

Except for antimony, low or no risks were indicated for all sediment-associated COECs for
both Fernme Osage Slough and Little Feme Osage Creek (Table 6.3). A moderate risk was
identified for antimony in sediment from Little Fermme Osage Creek; antimony was not detected in
sediments from Femme Osage Slough.

Although some of the surface water and sediment EEQ vaiues indicate a potential for
adverse effects to aquatic biota, results of fish surveys do not indicate any obvious adverse
ecological impacts to be occurting at the slough o the creek. Also, many of the benchmark values
are EPA {1994) chronic AWQUC and are denved from toxicity testing using the median concentration
lethal to 50% of the population (L.Cj,) as the end point. No evidence exists that current contaminant
concentrations in surface water and sediments are resuiting in lethal impacts to aguatic biota at the
slough or creek.

For terrestrial biota, EEQ values were calculated on the basis of the predicted daily dose
estimates (see Section 3.4.3) and available benchmark vafues, such as the wildlife benchmark values
developed by Sample et al. (1996) and Talmadge and Opresko {1996}, The estimated EEQ values
and r15Ks to terrestrial wildiife using Femme Osage Slough are presented in Tabies 6.4 through 6.6:
values for white-tailed deer using the slough and Little Fernme Osage Creek are presented in
Table 6.7. No risks were identified for any of the modeled ecological receptors. For most pathways
and contaminants, the estimated EEQ risk values were well below 0.01, and EEQ risk estimates
summed across all pathways were typically less than 0.1 for all contaminants for which benchmark
values were available.
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TABLE 6.2 Benchmark Values Used for Estimating EEQs [or Aquatic and Terrestrial Blota
Utilizing Femme Osage Slough and Little Femme Osage Creek”

Agquatic Biota

Great Blue White-Tailed
Surface Water”  Sediment  Mallard® Heron® Bald Eagle® Treer®
Contaminant g/l (mgkg) (mgke-d) (mghgd) {mghkedy  (mekkgd)
Metals :
Aluminum g NEA 108.7 104.7 106.7 0.29
Antimony 30° o NEA NBA NBA NC
Arsenic 150 g2 514 514 .14 0.02
Barium NG NEA 208 20,8 20.8 1.50
Beryllium 0.66° NBA NBA NBA NBa NC
Cadmium o o 2.a%E 1.2f 1.45 1.45 1.43 0.27
Calcium 116 mg/L" ~NBA NBA NBA NBA NE A
Chromium 118 31.0° 1.00 100 1.00 .92
Copper 26 6% 4af 47.0 47.0 47.0 4.30
Iran 1.0 mgl NBA NEA NBA NBA NBA
Lead 078 47 1.13 1.13 1.13 224
Lithium 14° NBA NBA NBA NEA NC
Maghesium 52 mg/L" NBA NBA NEA NBA NBA
Manganese Feliy 4607 ¥97 597 997 25.0
Mercury 1.3t o5t 00064 00064 0.0064 036
Molybdenum Eyive NEA WBA NBA NEA NC
Nickel 3518 2057 774 774 774 1.2
Potassium 33 mg1h NBA NBA NBA NBA NBa
Selenium ! NEA 0.5 0.3 L5 008
Silver 208 1.0f NBA NBA NBA NC
Sodium 680 mg/L" NBA NBA NBA NEA NBA
Stroativim 1.500° NBA NBA NBA WBA NC
Thallium 128 NEA 000007 0.00007 {00001 0.002
Uiramiurm (chemical). toral 35 NBA 16.0 16.0 1.60 046
Uranivm (radiological)® 1.0 ruelfd LOoradid 010cadid  O10radid (10 madid 0.10 radid
Vanadium 20f NBA 11.4 11.4 IRE! 0.05
Zine 733 0% 150f 14.5 14.5 145 449
TrRereanic anions

Flunride 15 meL NBA, 7.8 T8 T8 114
Nilrate 90 mg/L! NBA 5.07 507 0.51 §178.0

Sulfate NBA NBA NBA NEA NBa NBA
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TABLE 6.2 (Cont.}

Aqualic Biola
Gireat Biue " White-Tailed
Surface Water”  Sediment  Mallard® Heron®  Bald Eagle® Deet®
Contaminant {ue/L} (mgkgy  (mgkg-d)  (mgkg-d)  (mg'kz-d) (mgfkg-d)
Nitroaromatic componnds .
1,3, 5-TNB 14.0™ 036" NBA NBA NBA 0,907
1.3-DNE o™ 1.2" NBA NBA NBA 0.03"
246-THT 130™ 13" NEA NBA NBA T

* NBA = no benchmack {valuz availahle: NC = no concem (oot 2 contaminant of concert for the indicated medium}.

b Benchmark values are EPA chronic value water quality standards {1994} for the protection of fresiwater biota onless
otherwise noted. ' o :

® Beachmark values are NOAEL u;ux.icuiugical benchmaiks developed by Sample et al. (1996}, unless othurwise noted.
National ambient water guality chronic vahie presented in Suter and Tsao (19%6),

® Tier I secondary chronic value developed by Suter and Tsao (1996,

Based on ER.L valee reported in Jones et al. (1996},

& Nuarional ambient water Quality hardness-dependent value calcufated using handness = 258.9 mg equivalznt CaCQ,
per litee, See EPA {19945 or EFA (1996} for appropriate formula.

Lowest chronic vaiue reported by Suter and Tsao (1996},
T Epa (1996 acotox threshold chronie value.

I Narional ambient water quality critetion as reported in Suter and Tsan {1996); hardness-dependent value calealated
usiog bardness value of 2589 mg equivalent CaZ0, per liter.

Y Dose limits spevilied in 10 CFR Part 834 {"“Radiation Protection of the Public and the Environment™), Radiclogical
values are radid,

N waler quality eritericn available: EPA (1986) identifies the concentration as a potemially safe maximom
conehlration.

M Based on chronic value Jeveloped by Talmadge and Opresko {1996,
T Sediment quality eritetion developed by Talmadge and Opreska {1996}
o Based on NOAEL value developed by Talmadge and Opresko {§996).
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TABLE 6.3 Estimated EEQs and Risk Levels for Exposure of Fish and Aquatic
Invertebrates to Surface Water and Sediments in the Femme Osage Slough and
Little Femme Osage Creek

Fermnme Osage Slough Little Femme Osage Creek
Contaminant® EEQ Risk Level” EEQ Risk Leve!®
Surface Water
Alaminum 0.5 High 27 Low
Barium 84,2 High H1.5 High
Calciumn NC* NC 1.53 Low
Chromium 2.82 Low 518 Low
Ircn o _ 7.82 Low 310 Low
" Lead 3 e 1.12 Low 1.12 Low
Manjgancse 10.6 Moderate 380 Low
Uranmium {chemical}, total 2.300 Extreme N NC
Uraniurn (radioiogical) 1004 Ma sk NC NC
W anadiure 089 No sk 1.12 Low
Sediment
Antlmomny NC NC 17.8 Moderate
Arsenic 203 Low 104 Low
Cadmium 350 Low 1.08 Low
Lead 103 Low 0.33 Mo nsk
Manganese 2.35 Low .47 Low
Mereury 600 Low 0.33 No sk
Nickel 1.32 Low 0.95 No risk
Zinc . 1.20 Low .41 No asgk
LUraniuwm {radiclogicalt 0004 Mo risk NC NC

* Included are only those contaminants for which benchmark values were available (see
Tabie 5.2],

EEQ) values exceeding 1.0 are indicalive of potential risk 1o ecological resources. Values
between | .0 and 10 indicate bow risk, values hetween 10 and 30 ndicate moderate dsk,
values between 50 and 100 indicate high sk, and values above 1N} indicate potential for
extreme risk. The EEC) values identity only a potential for impacts and do not identify or
indicate that actual impacts have cecurred or will oceur. The guotient values were estimated
on the hasis of the maximum media concentrations.

NC = contaminant climinated during screening process and not considered a COEC for the
media and habitar.
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6.5.1.2 Uncertainty

Several uncertainties could affect the estimated ADD and EEQ values and the final
interpretation and incorporation of those values into the ecological risk assessment and remedial
decisions for the QROU. These uncertainties are associated with (1) model assumption that complete
transfer and assimilation of contaminants occurs between trophic levels, (2) use of physiological and
ecological data from different populations or taxa, (3) derivation of benchmark values, and (4) use
of the EEQ) to estimate risk.

The uansfer and assimilation of contaminants between and within trophic levels is affected
by a variety of factors not considered in the uptake modeis. These factors include, but are not limited
to, (1) contaminant solubility in biclogical fluids, {2) location of the contaminant within food items
relative to the portion of the food item eaten, {3) species metabelism, (4) contaminant biotrans-
formation, and {3} depuration (natural elimination of the contaminant from the body). It is unlikely
that the transfer or assimilation of a contaminant is 100% efficient, although for some biota,
efficiency may approach 100%. Thus, the assumption of 100% transfer and assimilation over-
estimates contaminant movement and assimilation within food chains.

In the absence of species-specific data, the uptake medels use exposure factors (such as
mgestion rate) that were estimated with allometric equations developed from data for other taxa.
Because of unique biclogical differences among taxa, this approach may overestimate or under-
estimate the values of some exposure factors and. thus, the ADD and EEQ values. Interspecific data
extrapolations are typically done for human health risk assessments and employ uncertainty
multipliers to increase the conservative nature of the assessment. Similarly, benchmark values were
not available for some of the species and contarminants of concern, and many of the benchmark
values used to estimate EEQ) values were derived for taxa other than those present at the QROU.
Thus, the uncertainty associated with the denvation of benchmark values is similar to that identified
for the use of allometrically derived exposure factors in the uptake models.

Finally, a number of uncertainties are inherent in the use of the EEQ for estimating risks
to ecological receptors. Use of the EEQ does not differentiate between long-term and short-term
impacts to biota, does not consider synergistic or antagonistic interactions among contaminants, and
15 ouly as good as the estumates of ADD and benchmark values and their associated levels of
uncertainties.

However, estimation of the ADD and EEQ values involved the use of very conservative
assumptions regarding contaminant uptake (e.g., 100% contaminant assimilation, no contaminant
excretion, and contarmnant concentration in food being equal to the concentration in sediment).
Thus, even with the uncertainues associated with the ADD and EE(} vatues, the conservative bias
of the risk estimation makes it unlikely that the actual doses experienced by wildlife in the area
would result in EE(} values suggesting unacceptable nsks.
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6.5.1.3 Weight of Evidence

The weight-of-evidence approach for estimating adverse risk employs multiple lines of
evidence of adverse effects to make a qualitative deterrnination of the future likelihood for adverse
effects (EPA 1992b). On the basis of the biotic surveys, tissue analyses, and smail mammal
necropsies, there is no evidence of past or current adverse impacts to site biota. These results,
together with the EEQ risk estimates, support a preliminary determination of no potential for future
adverse effects to ecological resources for the QROU.

6.5.2 Ecological Significance

Although the EEQ risk estimates identify a potential for adverse effects to aquatic biota for
Femme Osage Slough and Littie Femme Osage Creek, no evidence currently available (biotic
surveys and tissue analyses)indicates that the fish communities in the slough and creek have been
or are currently being affected by the contaminant levels in the surface water or sediment. However,
if impacts were incurred, they would be limited to the biota inhabiting the slough and the lower
reaches of Little Fernme Osage Creek and would not be expected to adversely affect the overall
condition of ecological Tesources in the area. The fish species inhabiting the slough and creek are
all common specics that are widespread throughout the Midwest and are generally abundant in
suitable hahitats.
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T SUMMARY AND CONCLUSIONS

A combined baseline risk assessrment addressing hunan health and ecological impacts was
performed to evaluate conditions at the QROU. The human health component of this BRA included
an evaluation of the radiological and chemical risks from residual contamination at the quarry proper
(after removal of ponded water and bulk waste) and at Femme Osage Slough. The ecological
assessment focused on impacts to biota from surface water and sediment contamination at Fernme
Osage Slough and Litile Femme Osage Creek.

7.1 HUMAN HEALTH RISK ASSESSMENT

Daty were evaluared to identify site-related COPCs for the following media and areas
included in the QROU: residnal soils and fractures at the quarry proper; surface water and sediment
from Femme Osage Slough. Little Fernrme Osage Creek, and Femme Osage Creek; and groundwater.

The radioactive COPCs include uranium, radium-226, radium-228, and thorium (primarily
thorinm-230). Chemical COPCs include metals and nitroaromatic componnds. PCBs were also
detected in the quarry proper soils. The COPCs for the various areas are listed in Table 2.1.

Potential exposure was evalvated for a recreational visitor at the guarry proper. This
approach is considered consistent with current and likely future land use at the quarry. A similar
scenario was also evatumed o determine potentiat exposures to contaminants at Fernme Osage
Slough. The estimates for the slough should be representative of those for the creeks because
contaminant concentrations reported for the creeks are generally lower than those reported for the
slough. Although contact with groundwater by a current or future receptor is an incomplete pathway,
bounding catculations were performed for a hypothetical resident. Standard EPA-recommended
exposure parameters and veritied toxicity RfDs and slope factors were used in the calculations
presented in this risk assessment.

The resuits of the calculations for the guarry proper and Femme Osage Slough recreational
visitor indicate that radiological and chemical risks are helow to within the target risk range of
1 x 10910 1 x 107*. Hazard indices are also less than 1, indicating that systemic texicity is not a
concern. The estimated radiological risk for the recreational visitor exposed to mulnple locations and
media via multiple pathways is 3 x 107 The chemical careinogenic risk and hazard index for this
same feceptor are estimated 1o be 4 10°® and 0.05, respectively. These estimates are within EPA’s
acceptabte limits. Table 7.1 summarizes human health risk estimates for the quarry area.

For presentation purposes, carcinogenic health risks and hazard guotients were also
estimated for a hypothetical resident for ingestion of and dermal contact with groundwater.
Radiological risks ranged from 2 x 1077 to 6 x 1072, Chemical carcinogenic risks ranged from
1107 to 1 x 107, Risks greater than | x 107 were estimated for wells located south of the quarry
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and north of the slough. Hazard quotients greater than 1 were also estimated for a few wells located
in this area.

7.2 ECOLOGICAL ASSESSMENT

Femme Osage Slough and Little Fernme Osage Creek are the principal habitats at the
QROU where biota might be expoesed 1o quarry-related contaminants. Evalvation of surface water
and sediment characterization data for the slough and creek identified a number of meltals present
i these media as potential contarninants of ecological concern. Current levels of alominum, barium,
manganese, and total uranivm in the surface water of both the sicugh and the creek have been
identified as posing a rnoderate (0 extreme potential risk to aquatic bicta using these habitats. Risk
estrmates {derrved by deterrmining an ecological effects quotient) for these contaminants range from
moderate for manganese to extreme for uraninm (Femme Osage Slough only). No risks or low risks
were jdentified for other contaminants. Sediment concentrations of arsenic, cadminm, lead,
manganese, mercury, nickel, and zine resulted in estimates of low risk to aquatic biota. No risks were
indicated from nitroaromatic compounds in either medium. Modeling results indicated no risks to
terrestrial wildlife receptors foraging 1n Femme Gsage Slough or drinking from Little Femme Osage
Creek.

Biotic surveys condocted at the QROU reveal that aguatic and terrestrial communities
consist of species that would be expected to occur in the area. Internal and external examinations of
small mammals collected from the site failed to show any abnormalities that could indicate adverse
effacts from exposure to site contaminants. No impacts to the abundance or biomass of small
mammals were detected. Tissue analyses of fish and small mammals indicated uranium
concentrations within the range reported in the literature for which no adverse effects have been
observed. Tissue concentrahions of radionuclides in small mammals collected from the QROU were
comparable to levels detected in specimens from the reference sites.

On the basis of the above findings, the current levels of contamination in surface water and
sediments in Femme Osage Slough and Little Fermne Osage Creek do not appear o have impacted
ecalogical resources and do not pose a future risk to biota at the site. Thus, remediation of these
habitats is not indicated on the basis of the ecological risk characterization.
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TARLE 7.1 Summary of Human Health Risk Estimates for the Quarry Area

Pmhways Radiclogical Chemical
i Recreatronal Visitor) Carcinogenic Risk Hazard Index Carcinogenic Risk
uarry proper
Soil
External isradiation 1% 1073 NA? NA
Ingestion 4% 107 0.004 1x 107
Dermal 1 x 17 0.0009 1x10%
inhafation 2% 107 < 0.0001 1x 1k
Fractures”
External irradiation 3x 107 NA NA
Ingestion o Tx 107 0.006 & x 108
Inhalation - - 4 %107 < [L.0H001 7x o t3

Femme Ozage Slough®
Surfacce waler

Ingestion 3107 0.003 9x 107
Diermal Tx 107 < 0.0001 7% 1078
Sediment
Ingestion 3x10° 0.006 2% 107
Dermal ] x 174 (.00 4x10°
Inhalation ' 1% 1019 < 0.0001 1x 107
Fizh
Ingestion 8 x 107 0.03 3% 10°°
Total®o 3w 107 (.05 4% 108

A =not applicable.
Dermul contact with seils in the fracieres assumed unlikely.

Estimares for Femme Osage Slough are representative of those for Little Femme Osage
Creek and Femme Osage Creck.

Radiological carcinogenic risks are nob surnmed with chemical carcinogenic risks becanse
of Jifferences in methodologies. These totals represent risks and the hazard index for the
multiple pathways exposure scenario projecting a recreational visitor who is exposed-to
cantaminants present at the guarry area {including at the quarry proper and Femme Osage
Slough).

Tngestion of proundwater is unlikely and considered to be an incomplete pathway. Never-

theless. calculations were performed for potsntial risk to a hypothetical resident from
ingestion of and dermal contact with groundwater (see Section 5.2.3).

External irradiation for quarry proper soil and fractures was not summed because it is not
appropriale 1o do so; the higher of the two risks was used to calculate the wotal.



93

8 REFERENCES

Bethel, W.M., et al., 1993, Smail Mammal Population Analysis for the Weldon Spring Site Remedial
Action Project, prepared by Lindenwood College, St. Charles, Me., for the U.5. Department of
Energy, Weldon Spring Remedial Action Preject, St. Charles, Me., May.

Chicn, L., et al., 1968, “Infantile Gastroenteritis due o Water with High Sulfate Content,” Canadian
Medical Association Journal 9%:102-104.

Dickneite, D.F.. 1988, letter with enclosure from D.F. Dickneite (Environmental Administrator,
Missouri Department of Conservation, Jeffecson City, Mo.) to L. Hlohowsky] (Argonne National
Laboratory, Argonne, [1L.), Aug. 24.

DOE: see US. Department of Energy.

Eisler, R., 1988, Lead Hazards to Fish, Wildlife, and Invertebrates: a Synoptic Review, Contaminant
Hazard Reviews Report No. 15, Biological Report 85(1.14), U.S. Fish and Wildlife Service,
Patuxent Wildlife Research Center, Laurel, Md., April.

EPA: sez U.5. Environmental Protection Agency.

Fige, D.E., 1991. letter from D E. Figg (Endangered Species Coerdinator, Missouri Depariment of
Conservation, Jetferson City, Mo.) to J.R. Powers (MK-Ferguson Company, St. Charles, Mo.),
Nov, 26.

Frazer. (G.D>., 1995, letter from G.D. Frazer (Field Supervisor, U.S. Fish and Wildhife Service,
Columbia Field Otfice, Columbia, Mo.) to 5.H. McCracken (U.S. Department of Energy, Weldon
Spring Sue Remedial Action Project, St. Charles, Mo.), May 12.

Gaines, E.P., 1988, letter with enclosure from E.P. Gaines (Data Manager, Missoun Department of
Conservation, Jefferson City, Mo.} to I. Hlohowskyj ¢Argonne National Laboratory, Argonne, I11.),
Sept. B

IAEA: see International Atomic Energy Agency.

ICRP: see International Commission on Radiclogical Protection.

international Atomic Encrgy Agency, 1992, Effects of lonizing Radiation on Plants and Animals at

Levels Implied by Current Radiation Protection Standards, Technical Report Senes No. 332,

Yienna, Austria.

)




o9

Tnternational Commission on Radiological Protection, 1983, “Radionuclide Transformations; Energy
and Intensity of Emissions.” ICRP Publication 38, Annals of the {CRP, Pergamon Press. Oxford.

Johnson, T.R., 1987, The Amphibians and Reptiles of Missouri, Missouri Department of
Conservation, Jefferson City, Mo.

lones, D.S.. et al., 1996, Toxicological Benchmarks for Screening Contaminants of Potential
Concemn for Effects on Sediment-Associated Riota: 1996 Revision, ES/ER/TM-95/R2, Oak Ridge
National Laboratory, Oak Ridge, Tenn., June.

Missouri Department of Natural Resources, 1992, Rules of Department of Natural Resources:
Division 20 — Clean Water Commission; Chapter 7 — Water Quality, Code of State Regulations
10 CSR 20-7.031 {Water Quality Standards), Jefferson City, Mo.

MK-Ferguson Cormpany and Jacobs Engineering Group, 1995, Radiological and Chemical Uptake
in Game Species at the Weldon Spring Sire, DOEfOR/21548-426, Revision 1, prepared for
0.S. Department of Energy, Oak Ridge Operations Office, Weldon Spring Site Remedial Action
Project, St. Charles, Mo.. July.

MEK-Ferguson Company and Jacobs Engineering Group, 1997, Quarry Restduals Remedial
investigation Report, DOE/OR/21548-587, Reviston 1, prepared for U.S. Department of Energy,
Cak Ridge Operations Office, Weldon Spring Site Remedial Action Project, St. Charles, Mo., July.

“NOCRP: see National Council on Radiation Protection and Measurements.

National Council on Radiation Protection and Measurements, 1991, Effects of fonizing Radiation
on Aguatic Organisms, NCRP Report No. 109, Bethesda, Md.

Rose, K.S.B., 1992, “Lower Limits of Radiosensitivity in Organisms, Excluding Man,” Journal of
Environmental Radicacriviry 15:113-133.

Sample, B.E., et al. 1996, Toxicological Benchmarks for Wildlife: 1996 Revision, ES/ER/
TM-86/R3, Health Sciences Research Division and Environmental Sciences Division, Oak Ridge
National Laboratory, Oak Ridge, Tenn., June.

Schaum, I.. 1991, memorandum from J. Schanm (Chief, Exposure Assessment Methods Branch,
Office of Research and Development, U.S. Environmental Protection Agency, Washington, D.C.})
to C'. Sonich-Maullin {Acting Chief, Chemical Mixtures Assessment Branch, Office of Research and
Development, U.S. Environmental Protection Agency, Washington, D.C.}, Oct. 24.

Schwartz, C.W ., and E.R. Schwartz, 1981, The Wild Mammals of Missouri, University of Missouri
Press and Missouri Department of Conservation, Columbia, Mo.




108

Suter, G.W., and C.L. Tsao, 1996, Toxicological Benchmarks for Screening Potentiol Contaminanis
of Concern for Effects on Aquatic Biota: 1996 Revision, ES/ER/TM-96/R.2, QOak Ridge National
Laboratory, Oak Ridge, Tenn., June.

Talmadge, $.S., and D.M. QOpresko, 1996, Ecological Criteria/Toxicological Benchmarks for
Screening Effects of Munitions Compounds on the Environment, prepared by Oak Ridge National
Laboratory, Oak Ridge, Tenn., for U.S. Environmental Protection Agency, National Exposure
Research Laboratory, Cincinnati, OHhio.

Terres. LK., 1980, The Audubon Sociery Encyclopedia af North American Birds, Alfred A. Knopf,
Inc.. New York, N.Y.

U.S. Department of Energy, 1988, Internal Dose Conversion Factors for Calculation of Dese to the
Public, DOE/EH-0071 {IDE3E- Dl429} Assistant Secretary for Enwmnment Safety and Health,
Washington, D.C., July,

U.S. Department of Energy, 1992, Buseline Assessment for the Chemical Plant Area of the Weldon
Spring Site, DOE/OR/21548-091, prepared by Argonne National Laboratory. Argonne, 1ll., for
U.8. Department of Energy, Weldon Spring Remedial Action Project, St. Charles, Mo., Nov.

U.S. Depanment of Energy, 1994a, Work Plan for the Remedial Investigation/F eaxibility Study-
Environmental Assessment for the Quarry Residuals Operable Unit at the Weldon Spring Site,
DOE/OR/21548-243, prepared by Argonne National Laboratory, Argonne, 111, for U.S. Department
of Energy, Weldon Spring Remedial Action Project, 5t. Charles, Mo., Jan.

U.S. Department of Energy, 1994b, Quarry Residuals Sampling Plan, DOE/AOR/21548-382,
Revision 1, prepared by MK-Ferguson and Jacobs Engineering Group, St. Charles, Mo.. for
U.S. Department of Energy. Weldon Spring Remedial Action Project, St. Charles, Mo, Jan.

U.S. Environmental Protection Agency, 1986, Quality Criteria for Water 1936, EPA 440!5 86-001.
Office of Water Regulations and Standards, Washington, D.C., May.

.S, Environmental Protection Agency, 1989a, Risk Assessment Guidance for Superfund, Volume I,
Human Health Evaluation Manual, (Part A), EPA/540/1-89/002, Interim Final, Office of Emergency
and Remedial Response, Washington D.C., Dec.

U.S. Environmental Protection Agency, 1989b, Risk Assessment Guidance for Superfund, Volume I,
Environmental Evalnation Manual, EPA/540/1-89/001 A (OSWER Directive 9285.7-01), Interim
Final, Office of Emergency and Remedial Response, Washington, D.C., March,

U.S. Environmental Protection Agency, 1989c, Exposure Factors Handbook, EPA/G0(/8-85-043,
Office of Health and Environmental Assessment, Washington, D.C., July.




e Y

i

U.S. Environmental Protection Agency, 1990, “National Oil and Hazardous Substances Pollution
Contingency Plan; Final Rule {40 CFR Part 300)." Federal Register 55(35):6154-6176, Feb. 21.

1.S. Environmental Protection Agency, 1991, Human Health Evaluation Manual, Supplemental
Guidance: “Standard Default Exposure Factors, " memorandum from T. Fields, It. {Acting Director,
Office of Emergency and Remedial Response) and B. Diamond {Office of Waste Programs
Enforcement) to Director (Various Divisions, Regions I through IX}, OSWER Directive 9285.6-03,
Office of Solid Waste and Emergency Response, Washington, D.C., March 25.

U.S. Environmenta! Protection Agency, 1992a, Dermal Exposure Assessment: Principles and
Applications, EPA/600/8-91-011B, Interim Report, Office of Research and Development,
Washington, D.C.. Jan.

U.S. Environmental Protection -Agency, 1992b, Framework for Ecological Risk Assessment,
EPA/G6I0/R-52/001, Risk Assessment Forum, Washmgton, D.C., Feb.

U.S. Environmental Protection Agency, 1993, Wildlife Fxposure Factors Handbook, Vol. 1,
EPA/600/R-93/187a, Office of Research and Development, Washington, D.C., Dec.

U.S. Environmental Protection Agency, 1994, Water Quality Standards Handbook: Second Edition,
EPA-823-B-94-003a. Office of Water, Washington, D.C.

U.S. Environmental Protection Agency, 1995a, Health Effects Assessment Summary Tables,
FY-1995 Annua!, EPA/S40/R-95-036, Office of Solid Waste and Emergency Response, Washington,
D.C., May.

U.S. Environmenta! Protection Agency. 1995b, Exposure Facrors Handbook, EPA/6D0/P-93/002A
{PB93-252532), Office of Research and Development, Washington, D.C.. June.

U.S. Environmental Protection Agency, 1996, ECQ UPDATE: Ecotox Thresholds, Intermmttent
Bulletin, Vol. 3. No. 2, EPA 54(/F-95/03R, Office of Solid Waste and Emergency Response,
Wastington, D.C., Jan.

L.S. Environmenta! Protection Agency, 1997, Integrated Risk Information System, Office of
Research and Development, database accessed February.

Valet, G.. 1997, personal communication from G. Valett (MK-Ferguson Company, St. Charles,
Mo.) to M. Picel (Argonne National Eaboratory, Argonne, I11.), March 24,

Venugopal, B., and T.D. Luckey. 1978, Meral Toxicity in Mummals, Vol. 2, Plenum Press, New
York, N.Y.




iz

Whicker, E.W., and V. Schultz, 1982a, Radicecology: Nuclear Energy and the Environment, Vol. 1,
CRC Press, Boca Raton, Fla.

Whicker, F.W. and V. Schultz, 1982b, Radivecology: Nuclear Energy and the Environment, Vol. 2,
CRC Press, Boca Raton, Fla.

Yu, C., et al., 1993, Manual for Implementing Residual Radioactive Material (Guidelines Using
RESRAD, Version 5.0, ANL/EAD/LD-2, Argonne National Laboratory, Argonne, Ili., Sept.




	Weldon Spring Site Environmental Report for Calendar Year 1996. DOE/OR/21548-676. QY-200-202-1.24. 
	Contents
	Introduction 
	Identification of Contaminants of Concern
	Exposure Assessment
	Toxicity Assessment
	Human Health Risk Characterization
	Ecological Risk Assessment
	Summary and Conclusions
	References
	Figures
	Tables


